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nerator stator of one of two 111,765-kva 
m turbine generator units for Station P of 
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destination. This stator weighs nearly 180 
nd was assembled and tested at the factory 
te with laminated core and coils, and shipped 
piece. (See page 34). 
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AMPLIDYNES— 
900 to 25,000 WATTS 


‘Y 5-kw Amplidyne generator 


43-kw Amplidyne motor-generator set 


PRECISE CONTROL OF position - torque - speed 


tension - power factor - voltage - current 


The General Electric amplidyne is a simple d-c generator which, 
through the arrangement of field and armature circuits, possesses 
extremely high speed of response and amplification. 

First used in radar and fire-control apparatus, it now has many 
new jobs. That’s why G-E amplidyne generators and motor-generator 
sets are made in a wide variety of sizes and frames with output 
ratings from 500 watts to 25 kilowatts. 

What are your requirements? For further data, write, giving 
complete details, to Electrical Industries Sec., Resale Industries Div., 
Apparatus Dept., General Electric Co., Schenectady 5, N. Y. 
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. close tolerances and hermetically seal 


PULSES 
—MADE TO ORDER 


Specially designed General Electric Ti 
networks will generate pulses withi aT 
per cent of any length you require from 


single metal containers. In the last war + 
Type-E networks were produced on a ld 
scale to meet radar demands. Now they 
available for commercial or military us 
a wide variety of designs, impedances, 
ings, and sizes. See Bulletin GEA-4996i 


Typical design and operational limits of G 
pulse-forming network: Ripple at top of pulse 1 
Wave length +5% measured at 70% amp 

Capacitance tolerance +10% 
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\t Caterpillar Tractor Co., research engineers are 
tantly seeking to improve performance of engines 
components. To do so requires immediate, accurate 
of dynamic phenomena. That’s where the Brush 
n Analyzer comes in. 


this test on tractor parts, strains are “picked up” 
bonded electric strain gages. The signal is amplified 
ie Brush Universal Amplifier and recorded instan- 
ously on the Brush Direct Writing Oscillograph. 


her current projects in the ‘Caterpillar’ Research 
irtment are utilizing Brush Strain Analyzers for 
‘mining operating stresses in engine parts and 
9onents. Set-ups for such tests are laborious and 


expensive, consequently only the most reliable and 
precise instruments are used. 


With use of a resistance-sensitive pick-up, the Brush 
Strain Analyzer provides a complete package unit for 
obtaining permanent records of torque, strain, vibra- 
tion, pressure and other variables. Write today for 
further information. 


THE Grack DEVELOPMENT COMPANY 
DEPT. M-2,3405 PERKINS AVENUE + CLEVELAND 14, OHIO, U.S.A. 


Canadian Representatives: 
A.C. Wickman (Canada) Limited, P.O. Box 9, Station N, Toronto 14, Ontario 
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EDWARD C. SANDERS 


Historian of an Industry 


N THIS YEAR of destiny, 1951, the 
GENERAL Exvectric Review begins its 
th year of service to the electrical industry. 
the past almost half century, it has seen 
d recorded those events of significance 
uch mark the transition between the 
sic discoveries of the founders of the in- 
stry and this generation’s complete re- 
nce on electric power. Its span of years 
nost exactly coincides with the great 
lectrical revolution”? which has so tre- 
sndously influenced human life. 
Many men—in their era—have had the 
reception to note transition; relatively few 
ve had the initiative or the opportunity 
analyze and record its meaning. So far 
the electrical industry is concerned, E, C. 
nders, Executive Editor of the Rrevirw, 
s not only been in an excellent position 
note its struggles and triumphs but he 
s likewise been able to document them. 
lus, it is a simple matter to gage his con- 
bution to electrical progress—he has been 
e of its great historians. 
Edward C. Sanders is a native of Ames- 
ry, Massachusetts, where he received most 
his early schooling. In 1909, he graduated 
m. Case Institute of Technology with a 
5. in electrical engineering. Upon comple- 
n of the G-E Test Course, he joined the 
viEw staff in 1912 as assistant editor. In 
22, he was named associate editor, the post 
held until 1928, when he was appointed 
his present position as executive editor. 
The preponderant portion of his business 
. has been spent in association with engi- 


neers and scientists—many of them the 
outstanding men in their fields. And, pe- 
culiarly enough, he seems to have little 
difficulty either in understanding their tra- 
ditional whimsies or in editing—to every- 
one’s satisfaction—their treatises. Un- 
doubtedly, this happy circumstance stems 
from the fact that, like so many technically 
minded people, he himself is by nature an 
introvert. This one might not immediately 
suspect, so well is it concealed beneath a 
genial demeanor. 

Moreover, he has the priceless gift of 
enthusiasm that can become excited along 
with any old or budding author over a new 
technical development. But then his Yankee 
conservatism asserts itself, and he moves 
with tact—and caution. A perfectionist by 
instinct and training, he nevertheless has the 
indispensable faculty of getting today’s work 
done today. 

And, then, there is his ability to bring 
about that which is desirable—in a way that 
it would logically occur—while he ap- 
parently stands by impartially. 

His many years of editorial service could 
not fail to leave an indelible stamp upon 
this magazine and its personnel. Therefore, 
as he retires from his active professional 
life this month, it seems quite fitting to 
honor him briefly here—in the pages of the 
magazine he loved and did so much to 
build—and served so selflessly. So be it. 


H. A. WINNE, Chairman 
Editorial Advisory Board 


ELKONITE CONTACTS 


Elkonite contacts are made by a unique 
and time-proved method which permits 
the combining of the desirable features 
of basic metals which cannot be alloyed. 
By this means, the high melting points 
of tungsten, molybdenum, or their car- 
bides, can be combined with the current- 
carrying ability of silver and copper. 
Elkonite materials are best known for 
their hardness, resistance to mechanical 
wear and impact, resistance to erosion 
by arcing (AR factor), and resistance 
to sticking. 


*Reg. U.S. Pat. Off. 


**The ability of a contact material to 
withstand the erosion of an electric arc. 


Electrical Contacts and Contact ewes try oe 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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ELKONITE* 


has no : 
“equivalent”. 


Many years of pioneering in powder metallurgy of incompat i 
metals enabled Mallory to originate the Elkonite group ¢ 
contact materials developed specifically for circuit breakers am 
other heavy duty electrical equipment. 


Today, Elkonite continues to stand out among all po 
metallurgy contact materials... 


material can equal Elkonite in conductivity, impact strengl 
hardness, AR** factor, and heat resistance. 


Arabs : 4H 
Only by specifying true Elkonite, are you assured of t 
performance . . . the result of precision compounding and yea 
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EMISTRY AND 


THE ELECTRICAL ENGINEER 


jineering demands and chemical ingenuity unite to produce 
vy and better electrical insulations which increase the reli- 
lity and extend the usefulness of electrical apparatus 


By F. M. CLARK 


Division Engineer, Insulation Division 
General Engineering and Consulting Laboratory 


General Electric Company 


N’S advance throughout the ages has been 
losely coupled to his ability to utilize power 
yurces outside himself. Engineering may well be 
of its contributions to the progress which has 
ade in the more efficient generation and utiliza- 
this power. One source after another has been 
red, applied, and replaced, each succeeding 
application being accompanied by another step 
1 in the slow progress of civilization. Animal, 
nd water power have each contributed its share. 
the advent of electricity, the engineer seemed 
reached the pinacle of success in power genera- 
id utilization. Electricity could be generated 
tly and in the desired quantity at locations 
by him and transported with relative ease to 
ce of its utilization. Such generation, transpor- 
and utilization, however, introduced problems 
w type. Among these was the problem of electri- 
ulation, the problem of supplying materials 
. of retaining the electric power within the 
tor in which it was generated and transported. 

solution of the electrical insulation problem has 
mtinuously sought by the engineer. Naturally 


ag materials have been extensively used. But 


oducts have not been able to meet the increasing 
al demands presented by the ever-expanding 
al industry. In consequence, engineering has 
more and more to chemistry to produce in 


y the peculiar type of product capable of meet-. 


severe dielectric, physical, and chemical require- 
yf electrical application. 
listry had earlier contributed to engineering 
s in power technology; but, with the growth of 
power, chemistry was presented with the 
inity of full partnership with engineering in a 
ort to assure continued technical progress. This 
nity was not immediately recognized. Chemis- 
busily engaged in other fields. A quarter cen- 
is to pass before the engineer and the chemist 
. comprehend fully their joint responsibilities 
it opportunities. 
ig the latter part of the nineteenth century, the 
ion, transmission, and utilization of electric 
ras almost entirely an engineering responsibility 


icle is so paged that, without mutilating other articles, it can be 
1oved for filing as a group of full-size consecutive pages. EDITOR 
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and was attacked in a truly engineering manner by the 
application of naturally occurring and easily obtainable 
materials as the “retaining wall’’ for electric power. 
Chemical science contributed but little to the infant 
prodigy in those early days. Air was one of the widely 
used engineering insulations. 

The history of electric power is a story of repeated 
demands for higher and higher blocks of power genera- 
tion and transmission. Increasing power loads lead to 
increasing voltages of transmission for technical and 
economic reasons. Insulating air was soon replaced by 
silk or cotton wire coverings, sometimes coated or 
impregnated with varnish or waxes. Later, natural rub- 
ber jackets were applied. Perhaps the first real contri- 
bution of chemistry to the science of electrical insula- 
tion was the application of vulcanized rubber as insula- 
tion for the conductor. But with continued demands for 
the transfer of larger and larger blocks of power, the 
inadequacy of available insulation soon became ap- 
parent. To provide the engineer with means for ade- 
quately meeting the growing demands for electric 
power has been the opportunity for chemistry. It has 
met this opportunity and responsibility with a myriad 
of new products and processes, and with the modifica- 
tion and improvement of older materials and processes. 


THE CHEMIST’S PROBLEM 

Electrical insulation is the pipe line by which electric 
power is carried from the point of its generation to the 
place of its ultimate conversion into useful work. 
Electrical insulation may also be regarded as the corner- 
stone upon which the whole electrical industry has 
been built. Metals are conducting. Air is nonconducting. 
Hence it was on air that the engineer largely depended 
for insulating the conducting members of his early 
machines. But air has only a limited ability to with- 
stand voltage stress; and with increasing demand for 
higher voltages of power transmission, the engineer 
soon found that to use air as an insulant resulted in 
bulky insulation spacings for the conducting members 
of his machines. Faced with the necessity for compact- 
ness, the engineer turned to mineral oil. The use of oil 
permitted the design of apparatus with marked econo- 
my of space as compared to the use of air. 

With continued increasing voltage demands, how- 
ever, the engineer soon realized that his insulating 
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problem was a problem of materials. The physicist has 
been an important contributor to the proper under- 
standing of dielectric behavior. But progress in insula- 
tion demands more than a proper understanding of the 
fundamental behavior of dielectrics in the electrical 
field. To know why a material does or does not work is 
important but it is not an end in itself. To have such 
information points only to the demand that materials 
be synthesized to meet more efficiently the severe 
requirements of engineering service in accordance with 
the physical dictates discovered. And it is here that the 
chemist finds his problems and his opportunity. The 
synthesis of insulations capable of meeting the extremes 
of voltage and temperature to which they may be 
subjected in practice and to provide a suitable means 
for their proper maintenance in operation are indeed 
the problems of chemical science. 


QUALITY CONTROL 

Modern industry has clearly recognized the advan- 
tage of a close control of quality in all-of its materials 
and processes. Perhaps in no other industry, however, 
has the engineer sought more assiduously for an 
acceptable chemical control of quality than in the 
insulations used in electrical manufacturing. Chemical 
purity has a peculiar and distinctive meaning when 
applied to electrical insulation. The recognized depend- 
ence on insulation for the successful operation of 
electrical equipment, and also the requirements im- 
posed by the demand for superior and stable dielectric 
and mechanical properties—not only in the material as 
applied by the manufacturing engineer but also during 
years of commercial service under widely varying 
conditions of use—have been responsible for the exact- 
ing quality specifications which have become identified 
with the insulating materials of the electrical industry. 

Typical of the demand for superior quality has been 
the search for an acceptable test to assure freedom 
from sludge formation in mineral transformer oil. The 
transformer in its normal operation generates heat, and 
one of the problems of the transformer designer is the 
proper dissipation of that heat. Mineral oil serves the 
dual purpose of increasing the dielectric strength of the 
assembly, as compared to the use of air or other gases, 
and of providing a means for adequate heat dissipation 
from the core and coils of the transformer. In large 
part, this heat is transferred to the cooling surfaces of 
the transformer by circulation of the oil. 

It is not a difficult engineering problem to make 
certain that the proper heat-dissipating properties are 
built into the design of the transformer. Mineral oil, 
however, when oxidized undergoes physical and chemi- 
cal changes which, unless checked, tiltimately vitiate 
the most careful engineering design calculations. 
Severe oxidation results in an increase in the viscosity 
of the oil and thus reduces the rate of oil circulation. 
Exhaustive oxidation results in oil-insoluble products 
which accumulate in the ducts provided for proper oil 
circulation and which settle on and coat the inner tank 
walls and cooling surfaces. The combined effect may 
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shipment to shipment. A second type of test invo 
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be obstruction of heat transfer and dissipation t 
extent that the transformer is no longer pro 
cooled. Chemical research has, therefore, been dire’ 
for many years toward the establishment of a suiti 
test which will evaluate the oxidation and slud 
propensity of new mineral transformer oil and wo 
will supply the operating engineer with informa 
needed for the proper evaluation of the oxidation 
sludging hazard that is presented by the continued 
of an oil after years of transformer operation. 

The chemist has supplied the engineer with a y 
of methods for evaluating the oxidation and slu 
properties of mineral transformer oil. On the 
national level, the various methods suggested a: 
correlated by the International Electrotechnical C 
mission under the leadership of Dr. Henri Wieg 
France. In the United States, the engineer look 
the American Society for Testing Materials for g 
ance and advice in this and other problems of chent 
control and dielectric testing. f 

In the problem of oil oxidation, the Amer: 
Society for Testing Materials has evolved two 4 st 
methods of ‘test for evaluating the sludge-forr 
properties of the oil. These include a short-time : 
pressure oxidation test for acceptance control p PI 
to assure maintenance of quality standards fron 


BS. 88 


longer-time oxidation of the oil and is set up prime 
for research and development purposes. In an ent 
different type of test, the ASTM has set up® 
studying the possible application of the tension 1 
exists at the interface between mineral oil and® 
as a criterion of the degree of oil oxidation and s 
ing (Fic. 1). The successful engineering applica 
chemical developments of this type will solve impor 
engineering, manufacturing, and operating proble 


=e = 
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Important as may be the contributions of chemil 
in the modification and improvement of na o 
products such as mineral oil and cellulose sheets! 
important as may be the development of c 
methods for the quality control of the older dielect 
on which the present successful manufacture of € 
trical equipment has been built, the value of chemili 
to engineering is intimately related to its ability 
synthesize products for specific engineering applicat ‘ 
in order to meet the more stringent requiremer i 
the future. And in this respect, chemistry, in its p : 
nership with engineering, is contributing its sha i 
insure uninterrupted progress in the field of elec : 
insulation. 

The military and industrial exigencies of World 1 
II presented an accelerated engineering demand 
insulating materials capable of successful applica . 
under extreme conditions of operation. The demi 
extended the limits of operation to temperat ree 
least as low as —55 C and as high as 150 C or hig’ , 
Chemistry has met this demanding situation. It. 


()Numbered references are listed at the end of the article, 
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ed synthetic gases to replace air and nitrogen 
heir use has been threatened by the more severe 
‘ic requirements. It has produced new types of 
ic liquids, solids, and insulating varnishes and 
each with its own improved characteristic and 
ipable of use in its own field for the mitigation 
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INTERFACIAL TENSION (AT 25C) 


Correlation of the pressure oxidation (sludge) and interfacial 
values which have been observed in mineral oil during transfomer 
om (7) 

5 X Good quality oil 
@® Medium quality oil 
© Poor quality oil 
A Reclaimed oil 


ssible elimination of the defects and engineering 
ions which have heretofore been intimately 
ted with the operation of electrical equipment. 


IS INSULATION 
engineer and the physicist have shown that the 
ic strength of air is approximately in linear 
1 to the distance separating the oppositely 
1 conductors. This factor coupled with air’s 
ly low dielectric strength necessitated bulky 
ment of conductors in machines designed to 
he growing demands of industrial application. 
ering study of the other easily available gases 
no practical advantage or improvement. And 
1e problem rested for many years. 
in their voltage limitations, air, nitrogen, and 
yases susceptible of practical application are 
1t dielectrics. The technical limitations, however, 
fixed and immutable. It has only been as the 
f physical and chemical studies that these limi- 
have been rolled back beyond all expectations. 
1ysicist discovered the dielectric advantages 
t in the use of the so-called electronegative 
. . 
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Many of the electronegative gases are not applicable 
for engineering use either because of their chemical 
reactivity and corrosive properties or because of the 
physical limitations imposed by their inherent behavior 
at the low or high temperatures of use. Sulfur hexa- 
fluoride, however, possessed the required chemical 
stability and inertness. Ovet a wide range of tempera- 
ture, sulfur hexafluoride maintains the required consist- 
ency in physical state. But sulfur hexafluoride was not 
available in practical quantities for engineering exploi- 
tation. Its quantity production has been the chemists’ 
contribution to the progress of engineering in the 
development of improved gas-filled electrical equip- 
ment.@)@ 

The properties of sulfur hexafluoride are listed in 
Table I. Fic. 2 illustrates the 60-cycle dielectric 
strength of sulfur hexafluoride and other electronega- 
tive gases as compared to the dielectric strength of 
nitrogen. The 60-cycle voltage strength of a gas is 


KILOVOLTS (RMS) 
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Fig. 2. Sixty-cycle dielectric strength of gases tested between tungsten 
rod and one-inch diameter sphere at atmospheric pressure(*) 
F12: Dichlor—difluor—methane 

: Monochlor—trifluor—methane 
Tetrafluor—methane 
Monochlor—difluor—methane 
Trifluor—methane 
Sulfur hexafluoride 


TABLE I 


PROPERTIES OF SULPHUR HEXAFLUORIDE GAS 


Colorless, odorless, tasteless 


Relative density 5.03 (Air=1) 
Specific gravity (liquid) ~ 1.91 

Weight 0.406 1lb/cu ft 
Melting point —50C 
Boiling point —63.8 C (Sublimes) 
Critical temperature 54C 

Coefficient of expansion 0.027 

Dielectric constant at 27.5 C 1.00191 


Specific heat at —2 C 0.14271 cal/gr 
Heat conductivity 7.1 X10 cal cm deg 
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not, however, the only dielectric criterion of value in 
engineering application. Electrical apparatus is fre- 
quently subjected to surge voltages. The most serious 
of this type of voltage application owes its source to 
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Fig. 3. Negative-impulse tests (114 X40 microsecond wave), at atmos- 
pheric pressure, of several gases tested between tungsten rod and one-inch 
diameter sphere(!%) E 

F12: Dichlor—difl or—methan 

F13: Monochlor—trifluor—methane 

F14: Tetrafluor—methane 

F22: Monochlor—difluor—methane 

F23: Trifluor—methane 

SFe: Sulfur hexafluoride 

No: Nitrogen 
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Fig. 4. Sixty-cycle dielectric strength of sulfur hexafluoride gas(4). 
Tests made between tungsten rod and one-inch diameter sphere (ground- 
ed). Dielectric strength of oil shown for comparison. 


lightning. Since the duration of the voltage sur; 
extremely short, voltages of this type are freq 
referred to as impulse voltages. Because of the 
impulse-voltage strength, compared to that of miu 
oil, air and nitrogen have been limited in many oft 
applications. Fic. 3 illustrates the dielectric impr 
ment exhibited by sulfur hexafluoride as compa: 24 
nitrogen when tested under impulse voltages. Wi 
application of increased gas pressure, the 6 
dielectric strength of sulfur hexafluoride is substant 
equal to that associated with mineral oil (Fic. 4).. 


LIQUID INSULATIONS 


To the operators of high-voltage electric appara: 
insulating liquids are commonplace. To many ope 
of such equipment, the designation “‘insulating liqu 


means mineral oil. Mineral oil has had a long | 


enviable record as one of the major insulations in hl 
voltage technique. It is used in transformers (Fic¢( 
as the dielectric and cooling medium, and used 
impregnant for the paper insulation of lead-c 
cable (Fic. 6). In circuit breakers, mineral oil is; 
quently the major arc-interrupting medium. In cagy 
tors (Fic. 7) mineral oil was formerly widely use j 
success as the impregnant of the paper dielectric.’ 
use in capacitors, however, has’ now been larg 
replaced by askarel, a product of synthetic chemis 
But the use of mineral oil has not been without! 
attendant. difficulties. Most of these difficulties; 
chemical in nature and are susceptible to attack | 
solution by chemistry. | 
The petroleum chemist has worked wonde 
improving the dielectric and chemical propertieg 
mineral insulating oils. He has studied the met 
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Fig. 5. Large power transformers equipped with oil conservators, as : 
engineering solution to the cooling-and-dielectric oil oxidation probl 
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6. Three-conductor cable of the type having mineral-oil-impreg- 
i paper as insulation. The cable is here shown being reeled from the 
sheath press 


7. Large rack-type unit of capacitors.’ Mineral oil has been used ex- 
vely as the liquid impregnant in capacitors but has now been largely 
‘seded in this application by the synthetic product askarel 


the degree of refinement best suited to produce 
al oils for special dielectric applications. One oil 
ansformer use has been produced with a maximum 
ance to oxidation and sludge formation. Another 
Re treated as to produce the greatest dielectric 
ity under the conditions of high-voltage-stress 
cations which are encountered in the use of capac- 
and lead-covered cables. But despite all efforts to 
ice the most stable product, mineral oil will still 
AS Se 

e engineering solution to the oxidation problem 
protect the oil by the use of inert-gas atmospheres 
echanical devices such as the oil conservator 
. is illustrated on the transformers shown in Fie. 5. 
> chemical solution of the oxidation problem is to 
nt oxygen’s attack by the use of oxidation inhibi- 
One of the most promising of such inhibitors is 
ry dibutyl para cresol, which has been demon- 
d in the laboratory to inhibit strongly the forma- 
f sludge in an oil subjected to oxidation. G. H. 
‘ichs® has presented data comparing the sludg- 
laracteristics of inhibited and noninhibited trans- 
r oils in distributién transformers during a special 
un with top-oil temperatures of 90 C (Fic. 8). 
‘recently, transformer designers and operating 
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engineers have been greatly intrigued by the possibili- 
ties envisaged in this type of chemical solution to 
what has long been a difficult engineering problem. 


ASKAREL 


Mineral oil oxidizes. Mineral oil burns. When de- 
composed by the electric arc, mineral oil evolves 
flammable gases which in admixture with air present 
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Fig. 8. Sludge formation in mjneral-oil-filled transformers as affected by 
presence of an oxidation inhibitor, Based on reference(5) 

Conventional transformer oil (10 kva); old 
Conventional transformer oil (15 kva); new 

Inhibited transformer oil (10 kva); old 

Inhibited transformer oil (15 kva); new 
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the possibility of fire and explosion. These possibilities 
of operating trouble have been reduced or eliminated 
by the chemical development and engineering applica- 
tion of the synthetic dielectric liquids known as 
askarels, of which Pyranol dielectric is one. Askarels 
are defined™ as ‘‘synthetic, nonflammable type insulat- 
ing liquids which, when decomposed by the electric 
arc, evolve only nonexplosive gaseous mixtures.” 
Askarels have been applied in two principal fields of 
engineering use. They have found important applica- 
tion in capacitor and transformer manufacture. 
Pentachlordiphenyl has been synthesized by the 
chemist for capacitor use. It is manufactured by the 
chlorination of diphenyl which, in turn, is obtained by 
the controlled pyrolysis of benzene. On chlorination, 
the dielectric constant of the hydrocarbon diphenyl is 
substantially increased.®’ The pentachlordiphenyl 
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contains 54 percent chlorine and possesses a suitably 
low power factor (Fic. 9) to permit its application as an 
-impregnant for paper-spaced capacitors (Fic. 10). The 
high dielectric constant of the pentachlordiphenyl as 
compared to mineral oil (2.2) has presented the engineer 
with a material which, when applied as an impregnant 
for paper-spaced capacitors, has resulted in a marked 
reduction in the physical size of the capacitor per 
microfarad of electric capacitance (Fic. 11). Since the 
designer of capacitors is continuously confronted with 
the demand for capacitors of smaller and smaller physi- 
cal size, the development of pentachlordiphenyl has 
been a chemical contribution of important engineering 
value. 

Pentachlordiphenyl, however, is not suited for appli- 
cation as a cooling and dielectric liquid in transformers. 
Its characteristics are given in Table II. It will be 
noted that, as compared to a normal transformer oil, 
pentachlordiphenyl possesses a high viscosity and a 
pour point which is but little below normal room tem- 
perature. But by proper blending of pentachlordiphenyl] 
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Fig. 9. Change in dielectric constant and power factor of the hydro- 
carbon diphenyl as affected by degree of its chlorination.(8) Tests made at 
1000 cycles . 
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Fig. 10. Power factor—temperature relation in kraft paper capacitors 
impregnated with pentachlordiphenyl(!°) 
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and trichlorbenzene (another typical askarel 

marked lowering in the viscosity and pour 
characteristics are obtained (Fics. 12 and 13). A bl 
of this type suitable for transformer use is descril 
in Table III. The blend described is compose 

chlorinated diphenyl containing 60 percent chlori ne 
weight and trichlorbenzene. | 


Fig. 11. The use of pentachlordiphenyl instead of mineral oil m r c! 
possible considerable space and weight saving in capacitors, as indicatet 
by this comparison of two units of the same rating ip 


nature of which, under the conditions of normal tra 
former use, is clearly recognized. Despite the excelley 
of the engineering design and performance of 

askarel-filled transformer, the possibility of an el ct 
arc in the askarel compelled the practical oa 
of this corrosion possibility. This has been aceag 
plished. The chemist has developed the use of 

tetraphenyl, which dissolved in askarel effectivi 
prevents the insulation and metallic corrosion wid 
has been heretofore associated with arc decompositit 
of askarel.©? Fic. 14 illustrates the advantages 


companying the use of the tin tetraphenyl as a prey 


LIQUIDS FOR HIGHER-FREQUENCY USE 


Mica has been the insulation most widely used wh 
voltages of the higher frequencies were to be encow 


TABLE II 


COMPARATIVE PROPERTIES OF PENTACHLORDIPHENYL 
MINERAL TRANSFORMER OIL 


Mineral 
Pentachlor- Transformer 
Diphenyl Oil 
Color Light yellow Light yell 
Viscosity (Saybolt) z jek 
at 98.9 C 45 seconds 34 seconds 
at 37.8 C 2000 seconds 55 seconds — 
Fire point Does not burn 145-C 
Dielectric constant at 25 C 5.0 2.2 
Dielectric strength at 25 C 35 kv 30.0 kv 
Pour point Set OK —40C 
i 
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12. The extent to which the viscosity of pentachlordiphenyl is 
‘ed by the addition of trichlorobenzene(!°) 


ncies of World War II, however, limited the 
ability of mica for many industrial applications 
ompelled the development of a suitable substitute 
Ower-capacitor use where the frequency of the 
ge applied was substantially higher than the 
al 60-cycle power frequency. Such an application 
n the manufacture of capacitors for use in elec- 
> heaters. The use of high-frequency currents and 
ges industrially is largely for heating where speed 


TABLE III 


PARATIVE PROPERTIES OF TRANSFORMER GRADE PYRANOL 
DIELECTRIC AND MINERAL TRANSFORMER OIL 


Transformer Mineral 
Pyranol Transformer 
Dielectric Oi 


Light yellow Light yellow 


ity (Saybolt) at 37.8 C 55 seconds 55 seconds 
oint —35 C —40 C 
int Does not burn 145 C 

tric constant at specific 

ity of 15.5 C/15.5 C 1.565 0.880 

‘ric constant at 25 C 4.8 AD) 

ric strength at 25 C 35 kv. 30 kv 

ion characteristics None Sludges 
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PERCENT TRICHLORBENZENE IN SOLUTION 
WITH PENTACHLORDIPHENYL 


Fig. 13. How the pour-point temperature of pentachlordiphenyl is 
» changed by the addition of trichlorobenzene (19) 


The use of tin tetraphenyl dissolved in askarel prevents severe 
corrosion by hydrogen chloride evolved when askarel is subjected to 
electric arcing, as evidenced by the transformer at the right. The one on 
the left was not so protected 


Fig. 14. 


in attaining a localized temperature for a short interval 
is fundamentally important. The heating of metals by 
induction and the heating of nonconducting materials 
by dielectric absorption have been widely applied.@ 
As a substitute for mica in these power-capacitor ap- 
plications at voltage frequencies up to one megacycle, 
the chemist has supplied the engineer with an organic 
ester liquid, dibutyl sebacate.0? The properties of 
dibutyl sebacate are described in Table IV. 

Dibutyl sebacate has been used by the capacitor 
engineer as the sole insulation between the oppositely 
charged armatures of his capacitor. Liquid dielectrics 
have been traditionally acceptable for high-voltage use 
only when used in conjunction with a solid insulation. 
In capacitors, this solid insulation is largely kraft 
tissue. In the higher-frequency range of application, as 
in power oscillators, the use of cellulose sheet has not 
been practical from the standpoint of dielectric loss. 
The result has been the engineering development of a 
capacitor which is noteworthy because of the entire 
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TABLE IV 


PROPERTIES OF DIBUTYL SEBACATE 
FOR ELECTRICAL USE 


Color Water white 
Viscosity (Saybolt) at 37.8 C 46 seconds 
Specific gravity at 15.5/15.5 C 0.939 

Flash point 170 C 

Fire point 210 C 

-Pour point —10C 


Dielectric constant at 25 C 4.3 
Power factor at 500,000 cycles per second, 25 C 0.0001 


absence of cellulose insulation between the electrode 
plates. The satisfactory operation of the capacitor is 
entirely dependent on the efficiency of the insulating 
liquid used. The development and application of 
dibutyl sebacate represents another successful effort, 
jointly conceived and jointly executed by the chemist 
and the engineer. 

Dibutyl sebacate has a dielectric constant of about 
4.3 as indicated in Table IV. This gives the material a 
substantial advantage over mineral oil (dielectric con- 
stant 2.2) in that it enables the capacitor engineer to 
design capacitors of small physical size as compared to 
oil-filled capacitors of similar capacitance. Dibutyl 
sebacate is also characterized by an advantageously 
low power factor in the frequency range from 100 to 
1000 ke. This, combined with its excellent stability of 
dielectric strength, has enabled. the engineer to produce 
a capacitor (Fic. 15) which is technically superior to 


Fig. 15. Dibutyl sebacate 
offers a number of advan- 
tages to other dielectrics for 
high-frequency capacitors, as 
in this one for electronic- 
heater resonant-circuit ap- 
plications 


the mica capacitor. What was originally conceived as a 
substitute in an emergency has, therefore, been con- 
verted by the chemist and the engineer into another 
step forward i in engineering progress. 


SOLID INSULATION 


In engineering technique, the solid insulation serves 
as a mechanical separator and as a dielectric barrier 
between oppositely charged conductors. The dielectric 
strength of a composite assembly is generally considered 
as being largely determined by the dielectric strength 
of the solid barrier. From this point of view, the liquid 
impregnant generally used in high-voltage applications 
of solid insulation serves chiefly to displace the air 
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and to prevent the formation of voids and low-press 
gaseous areas within the solid, the presence of w Lick! 
conducive to destructive ionization and electric ¢ 
charge leading to the ultimate destruction of the» 
electric itself. In lower-voltage practice, as in mo 
and other rotating equipment, the impregnant is mi 
frequently a resin or other solid which is required] 
meet severe mechanical demands in addition to certi 
of the usual dielectric requirements. 

Cellulose has given the engineer excellent services 
one of the principal solid insulations since the 
days of the electrical industry. In the form of s 
tapes, and pressed boards, cellulose has been conti 
improved by the chemist to meet the conti 
demands of its electrical usage. Cellulose insu 
sheets and tapes can be produced with a wide ra 
density and porosity consistent with the s 
requirements of the electrical application. Pr 
dried and impregnated, cellulose possesses a su 
low dielectric loss and high dielectric strength at 
frequencies. Where a solid of high dielectric co 
is desired, as in electric capacitors, cellulose wi 
value of about 5 has met the requirements. But d 
the excellence of its properties, its easy availabil 
and its fine record in commercial operation, the 
of cellulose still presents technical limitations in 
design and operation of electrical equipment. As w 
mineral oil, most of these limitations arise from cai 
which are chemical in nature and are susceptibk 
attack by chemistry. 

Cellulose insulations are classified by the engineer 
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are restricted in their avvinesrine applications fi 
maximum temperature of 105 C. Among the ma 
recent products of synthetic chemistry are insulatio 
which are capable of being operated at substantiaa 
higher temperatures. _ 


INSULATIONS FOR HIGH TEMPERATURE 
Asbestos in tape and sheet form has long been usi 
as the solid insulation for high-temperature operatic 
Recent developments have greatly improved its tr aQ 
tional dielectric properties. Terratex and quinter 
insulations possess improved electrical properties.@ 
Asbestos fibers are flexible, but asbestos sheets 
tapes contain many impurities which limit their u 
as a dielectric. In terratex; the asbestos fiber has bet 
prepared in.small dimensions and with a freedom fro 
impurities and conducting particles to a deer a 


sheet. These fibers have been-combined to give a dl i 
flexible inorganic sheet or tape similar in appearance 


strength of terratex is compared to the diele 
strength of glass and porsleie. Fic. 17 shows an app! 
cation. 1 

Fiber glass is another inorganic material which hi 
been produced in tape and sheet form for use where 
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16. Breakdown strength of untreated terratex and some other in- 
nic insulations(!3) 
Untreated terratex, two 0.006-in. sheets, total thickness 0.020 in. 


Pyrex glass, 0.030 in 
Porcelain, 0.055 in. 


250 300 


17. Terratex insulated coils for 550-amp air-cooled arc-welding 
sformer (13) 


sr operating temperatures are encountered. Such 
ations as terratex, fiber glass, and the like, how- 
‘are most commonly used in combination with a 
melting solid or thermosetting resin binder which 
ws the base material with properties sufficient to 
the severe mechanical and dielectric requirements 
eration. Depending on the type of binder used, 
insulations are classified by the engineer as Class 
- Class H insulations. Class B insulations are 
marily limited in operation to a maximum tem- 
sure of 130 C. Satisfactory operation of Class H 
ations has been claimed at temperatures as high 
0 C and for short periods even as high as 250 C. 
ch type of insulation has its traditional ‘‘main- 
” In Class A materials it has been cellulose. The 
tional liquid dielectric has been mineral oil. And 
ig the binders used with asbestos as Class B in- 
ion, dependence has for years been placed on 
uc. Despite its many advantages, however, shellac 
ing displaced in engineering application by many 
ous products of synthetic chemistry. Phenol- 
aldehyde resins were among the first of these 
rials to find commercial use. Debing“) has given 
cellent resumé of their dielectric properties. Phe- 
resins have been used extensively in combination 
‘cellulose (Class A) and in combination with 
tos (Class B) insulations. More recently, however, 
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engineering interest has been attracted to those resin 
products which are able to be operated at temperatures 
above that normally accepted as satisfactory for the 
phenolic-resin binders. Among these products are the 
silicones and the fluorinated hydrocarbon polymers 
widely known under the trade name Teflon. 


SILICONES 


The members of the silicone family of compounds 
differ radically from the usual hydrocarbon insulations 
in that their structural composition is based on net- 
works of alternate silicone and oxygen atoms. Organic 
dielectrics such as the petroleum oils, rubber, and the 
phenolic resins possess a structural arrangement based 
upon the bonding of carbon to carbon. The silicone 
compounds possess, to some degree, an inorganic 
character as a result of their chemical structure. As 
described by Rochow,®) however, the silicones are not 
ceramic in nature nor do they possess the chemical 
stability of fused quartz or porcelain. The presence of 
organic groups (carbon-to-carbon bonding) reacts 
against this high degree of thermal stability but their 
presence is necessary in order to provide the resin with 
flexibility and plastic behavior. Sufficient stability 
remains, however, to endow the silicones with a thermal 
reliability far exceeding that which is manifested by 
the carbon-to-carbon structural. arrangement of the 
usual organic insulants. 

Among the silicone compounds of interest to the 
electrical engineer are the silicone liquids. These are 
produced with a wide range of viscosity, from an ex- 
tremely low water-like viscosity to liquids having a 
viscosity exceeding 1000 centistokes at room tempera- 
ture. Each is characterized by a temperature coefficient 
which is much lower than that of petroleum oils of 
similar viscosity value. The pour point of even the more 
viscous silicone liquids is as low as —50 C, the thinner 
liquids having a freezing point as low as about —85 C. 
Because of their resistance to oxidation and their 
marked stability at high temperature, these liquids 
have been applied as damping and hydraulic fluids, as 
foam inhibitors in petroleum compositions, as mold re- 
lease agents, and as special high-temperature lubricants. 

Their electrical properties have been found superior 
in many respects to the best of the mineral-oil insulat- 
ing liquids. The dielectric constant and power-factor 
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Fig. 18. Dielectric constant and power factor of liquid silicones (!*) 
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characteristics are illustrated in Fic. 18 for a silicone 
liquid having a viscosity of 12,000 centistokes. The 
dielectric strength of the liquid silicones is comparable 
to that of mineral oil and is subject to the same deterior- 
ating influences in practical use. Their freedom from 
oxidation and sludge formation, however, coupled with 
their marked stability at high temperature, presents 
the engineer with another means of eliminating operat- 
ing difficulties which have long been associated with 
the dielectric use of mineral oil. Dielectric application 
of the silicone liquids is at present limited to use where 
their particular thermal-stability advantages will offset 
their greater initial cost. 

It is the resin members of the silicone family of 
compounds, however, which have attracted the widest 
engineering interest and commercial application. The 
silicone resins possess a wide range of physical prop- 
erties. Their introduction, usually in combination 


TABLE V 


PROPERTIES OF GENERAL ELECTRIC 
SILICONE RESIN NO. 9989-1. 


Solids content 60+5% 
Viscosity at 25 C 150-250 cp 
Specific gravity of solution 1.017 
Specific gravity of solids 1.017 
Weight per gallon 8.45 lb 


Drying Time 


Temperature C To Tack-free Film To Tough, Hard Film 


150 15 to 30 min 24 hours 
200 Less than 15 min 1 to 2 hours 
Preferred Baking Schedule 
80 C 3 hours 
150 C 3 hours 
200 C 3 hours 
250 C 4 to 5 hours 
Dielectric Strength at 25 C 2000 vpm 
Power factor at 60 cycles, 25 C ~ 0.0026 
Dielectric constant at 60 cycles, 25 C 2.91 


with glass, mica, or asbestos products, has provided the 
engineer with a new class of electrical insulation which 
has been designated as Class H. Class H insulations, 
although not yet clearly defined in all their various 
applications, are considered as generally applicable for 
operation as high as 180 C. Their use provides the 
engineer with a means of designing units which are 
smaller in weight and size, and which are subject to 
higher overload conditions with greater safety, than does 
the use of conventional insulations. A typical silicone 
resin which is applicable for bonding mica, mica tape, 
and glass-mica combinations, or as a coating material 
for glass cloth or sleeving, is described in Table V. 
This resin develops good bonding properties for high- 
temperature use. 

The general characteristics of the silicone compounds 
and their application as electrical insulating materials 
have been described by Bass and his co-workers.(® 
Fic. 19 compares the high-temperature stability of 
a typical silicone resin with a phenolic-alkyd resin 
varnish customarily used in electrical practice. Totally 
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Fig. 19. Comparison of flexing life of a silicone resin and an organi 
resin at various temperatures. Based on reference(!§) 


enclosed, fan-cooled induction motors built with h 
temperature silicone insulation have been’ subjectd 
to cyclic heat tests for as long as 5400 hr at 280 C wit 
no marked deterioration of the resin as indicated t 
insulation resistance and high-potential tests. A 75-1 : 
450-rpm 440-volt motor has been operated successft . 
at temperatures as high as 300 C. Extrapolated te 
data based on the 10 C rule of deterioration will 
indicate many years of satisfactory service at 200 
iy 
4 


POLYTETRAFLUOROETHYLENE 


-The silicone resins are not alone in their advantageon 
high-temperature characteristics. The polymer 
tetrafluoroethylene is known under the trade n wi 
Teflon. It possesses excellent dielectric characteristics" 
and a marked stability at high temperature. | 

Teflon is produced by the polymerization of gaseor 
tetrafluoroethylene. The product so prepared is chet 
ically inert over a wide range of temperature. Mold 
bars of the material lose not more than 10 to 20 perce 


TABLE VI 


PROPERTIES OF POLYTETRAFLUOROETHYLENE(!”) 


Density 2.1 to 2.3 g/cc 
Impact strength 4 ft-lb/in. 
Tensile | 2000-4500 Ib/sq in. 
Elongation 300-400 percent 
Hardness (Shore ‘‘Durometer D’’) 55 


Flexural strength 
Dielectric constant 
Power factor 
Dielectric strength 
Arc resistance 
Volume resistance 
Surface resistance 


2000 Ib/sq in. 
2.0 


0.0002 
1000-2000 vpm 
>700 seconds 
10'§ ohm-—cm 
3.5 X10" ohms 
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nsile strength after one month at 300 C. At 250 Cc 
change in tensile strength is negligible even after 
ths. At low temperature, even as low as —100 C, 
physical properties of the product are well main- 
ed. Fic. 20 illustrates the dielectric constant and 
er-factor characteristics of polytetrafluoroethylene 
iffected by frequency. Table VI summarizes its 
rage properties. 

he engineering application of polytetrafluoroethy- 
appears to be limited only by its cost and the 
culty of its application by conventional manu- 
uring processes. 


LOSS RESINS 


he rapid growth of the electronic industry and its 
ortance in the successful prosecution of World War 
reated an urgent demand for insulations character- 
by excellent dielectric properties at the higher 
uencies of voltage. Traditional insulations were 
uited for this use“® either because of physical or 
ectric reasons. Synthetic chemistry has supplied the 
ineering answer. Polyethylene, methyl methacry- 
, polyvinyl carbazole and polystyrene and other 
n products have been developed with characteristics 
neet the engineering requirements. 


YETHYLENE 


he polymers of ethylene™)@% are essentially ali- 
tic hydrocarbons. They possess a melting point in 
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FREQUENCY 


range from 110 to 125 C, dependent on the molec- 
- weight of the material tested. Commercial manu- 
ure of these products was begun in England in 
9.2. Because of its relatively low melting point, 
ethylene is not suited for high-temperature use. 
ng essentially nonpolar in nature, the material 
sesses a dielectric constant of 2.3 and the low power 
or of approximately 0.0005 when tested at a fre- 
ney as high as 3000 megacycles. These dielectric 
perties have been the basis for extensive engineering 
lication of the material in the manufacture of radar 
ipment and as the insulation in coaxial cable. More 
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recently, polyethylene has been applied as the insulat- 
ing surface finish for watthour meter coils and in 
certain types of high-voltage and telephone cable.) 


POLYSTYRENE 


Polystyrene is well known for the excellence of its 
dielectric properties at high frequency. This has led to 
its extensive engineering use in applications where low 
dielectric loss is essential. The dielectric properties-of 
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Fig. 20. Dielectric constant and power factor of polytetrafluorethylene 
vs. frequency (17) 


polystyrene®) are described by the data in Fic. 21. 
Like polyethylene, polystyrene is limited in its engt- 
neering applications because of its relatively low soften- 
ing temperature. Operating temperatures not sub- 
stantially in excess of about 90 C are its usual engineer- 
ing restrictions. 


Fig. 21. Dielectric constant and power 
factor of polystyrene as a function of 
frequency (73) 
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POLYVINYL CARBAZOLE 

Under the trade name Polectron, polyvinyl carbazole 
found application during World War II as a low-loss 
dielectric for electronic equipment. Polyvinyl carbazole 
has a dielectric constant of 3 which is substantially 
unaffected by temperature change within the usual 
operational limits. Its normally low power factor of 
0.001 or less is not greatly affected by wide variations 
in the testing frequency up to 10° cycles per second. 
Polyvinyl carbazole is a hard, somewhat brittle resin at 
room temperature. At temperature above 150 C, it 
becomes tacky. The material has found engineering 
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application as a dielectric film, as an impregnant for 
capacitors, and as a molding composition. 


SYNTHETIC RUBBER-LIKE COMPOUNDS 


Natural rubber has long been used by the engineer 
as wire and cable insulation. Its excellent dielectric and 
physical properties, however, have been offset by its 
susceptibility to chemical change and resulting phys- 
ical and dielectric deterioration under the influence of 
heat, oxygen, and corona discharge. The various 
synthetic rubber-like compositions developed by the 
chemist during the past decade@) have been widely 
applied by the engineer because of their chemical and 
physical stability under conditions which would cause 
severe deterioration in natural rubber. Among these 
various synthetics are GRS (Buna $) rubber, a copoly- 
mer of butadiene and styrene, Neoprene rubber (a 
linear polymer of chloroprene), butyl rubber (a copoly- 
mer of isobutylene and isoprene), Thiokol (a conden- 
sation product of an aliphatic hydrocarbon and a soluble 
poly sulfide), polyvinyl chloride and silicone rubber. Of 
these, butyl rubber, polyvinyl chloride and silicone 
rubber have been most widely used in dielectric appli- 
cations. Neoprene has found engineering favor where 
superior mechanical properties are essential. 


BUTYL RUBBER 

High-molecular-weight linear polymers possessing 
rubber-like characteristics have been prepared from 
the simple olefin hydrocarbons such as isobutylene and 
isoprene. Chemically saturated polymers are not sus- 
ceptible to vulcanization in the usual manner. Chem- 
ically unsaturated polymers, however, are susceptible 
to chemical attack. Butyl rubber has a minimum of 
chemical unsaturation for vulcanization but the vul- 
canized product is sufficiently free from chemical un- 
saturation to be characterized by a high degree of 
chemical stability under conditions which would 
ordinarily be destructive to natural rubber. Butyl 
rubber possesses a dielectric constant of -2.1 and a 
power factor of 0.04 percent. Although, in its initial 
mechanical properties, butyl rubber is not always 
superior to natural rubber, its marked resistance to 
deterioration under the influence of heat and oxidation 
have promoted its engineering applications (Fic. 22). 
Butyl rubber is widely used as insulation for electric 
wires and cables.@) It has also been applied as insula- 
tion for dry-type instrument transformers. (®) 


SILICONE RUBBER 


Silicone rubber, like other members of the silicone 
family, merits engineering attention because of its high 
degree of chemical and physical stability at the ex- 
tremes of temperature which cause severe deterioration 
in the properties of natural rubber and those of most of 
the synthetic rubber-like compounds available. The 
silicone elastomers show but small change in properties 
over a range of temperature from about —60 C to as 
high as 200 C and even higher.@? The temperature 
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stability of these compounds and their resistance 

deterioration traces to their silicon-oxygen structum 
bonding. The silicone elastomers must be cross-link 
by “vulcanization” in order to acquire elasticity. TI 
vulcanization process, however, bears little relation ~ 
that commonly associated with natural rubber. 


CEL eee 
[NC TRANSFORNER BUTYL RUBBER] 
TNS ps al ehehe aa 
were 


(PERCENT) 


S 
| | Ne lnaturat ruseer| |_| 
a Nels staat 


ie) 10 20 30 40 50 
DAYS (AT 121 C) 


Fig. 22. Aging of transformer Buty] and long-life natural rubber. Ba edi 
on reference(26). Samples 0.25 by 0.075 in. ASTM D412 elongation test, 
made at room temperature 


ULTIMATE ELONGATION 


The data accumulated from laboratory studies wi 
silicone rubber are indicative of its high order 
oxidation resistance.(® Bass et al have described 7: 
superior heat-resistant characteristic (Fic. 23). 

Silicone rubber is characterized by a dielectric cop 
stant which varies, with the composition of the rubb 
blend, from 3.3 to as high as 9 and a power factor f ov 


MOST HEAT RESISTANT 
SYNTHETICS 


SILASTIC RUBBER 


LIFE (HOURS) 


NATURAL RUBBER 


100 200 300 =~. 400 500 
TEMPERATURE (DEG.C) 


Fig. 23. Temperature vs. life of Silastic rubber, ayatneve rubber, an 
natural rubber. Based on reference(!®) 


0.3 to 4 percent. As a wire covering, the material 
exceptional heat resistance and water-proofness. It de 
not undergo severe carbonization when subjecteuaa 
the electric are and is resistant to arcover “tracking?” 


POLYVINYL CHLORIDE 


Polyvinyl chloride is known commercially under 
variety of trade names. The compounded mater 
possesses a wide range of rubbery characteristics a 
is highly resistant to. the action of chemicals 
mineral oil. Its fire-resistant property has promoted it ti 
use in electrical insulation as a wire and cable covet 
ing?) Its engineering application, however, 
somewhat limited because of its relatively high dielec 
tric loss and thermal plasticity at moderately high tem 
perature. Polyvinyl chloride is chemically and phys 
ically affected by heat and sunlight.) When heat 
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10 C, the material hardens and evolves hydrogen 
ide, the presence of which catalyzes further chemi- 
change. The chemist, however, has developed 
lizers, the incorporation of which in the polyvinyl 
ide composition has greatly extended the useful 
f the product for engineering application. 


SO TO THE FUTURE 


lemistry and electrical engineering! Just where does 
snd and the other begin? That was not a difficult 
tion to answer a few years ago. The badge of 
listry was the test tube. The credentials of the 
leer were his slide rule and drafting board. But 
1 the chemist begins to share the problems of the 
reer and to develop products to extend the applica- 
of electrical machines, the bridging of the chasm 
een the two sciences is started. And when the 
reer begins to recognize the possibility of syn- 
zing products to meet his specific requirements, 
widging is complete. This seems to be the condition 
existing. The co-operation between the sciences 
the recognition of their mutual dependence augures 
for the continued improvement in electrical in- 
ion and provides the ability of engineering to meet 
even more severe requirements of electrical ma- 
= operation in the future. 
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PORTABLE ENGRAVER WITH THESE FEATURES 
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* Engraves 15 sizes from ONE alphabet 

* Covers a LARGER area than any other portable 
* Equipped with self-centering holding vise 


e Convertible into TRACER GUIDED ELECTRIC 
ETCHER for identifying tools and dies 


HEAVY DUTY ENGRAVER 
described in Folder H-45 


PORTABLE ENGRAVER 
described in Folder IM-45 


CTmeSs, 1710. 


13-19 UNIVERSITY PLACE @ NEW YORK 3, N. Y. 


The world’s largest manufacturer of portable engraving machines 


TICW 


23 


re 


From Any Angle, You Can Easily Read 


SHADOW-PROOF 
INSTRUMENTS 


Here are new General Electric switchboard instru- 
ments you can read—always. From greater distances 
and greater angles, you can take measurements 
quickly and accurately. Mount these instruments 
wherever you desire— without fear of errors when 
taking readings. 


NEW IMPROVED DIAL 


The dial is set forward, flush with the front of 
the case. A protruding convex-type glass front 
provides clear illumination from any angle. Result: 
no more cover overhang; no more shadows caused 
by overhead lighting. Even when the lighting angle 
is sharp, you can easily read these instruments. 


8 DIFFERENT TYPES 


You can obtain General Electric shadow-proof 
instruments as ammeters, voltmeters, and watt- 
meters; frequency and power-factor meters; tem- 
perature indicators and synchroscopes. 

Compare these with other makes; then specify 
G-E switchboard instruments. Ask your G-E repre- 
sentative for more information or write for bulletin 


GEC-218B; Sec. 602-197, Apparatus Department, 
General Electric Company, Schenectady 5, N. Y. 


A-C VOLTS 


GENERAL (Hy ELECT ASE 
reese 


AVAILABLE IN TWO SIZES. Type AB, DB-18 is 41% inches square, SPECIFY G-E INSTRUMENTS. Whenever you use them—whether for con- 
250-degree scale, 7.1 inches long. Type AB, DB-16 is 8% inches trol stations, testing devices, or other installations—General Electri 


square, 250-degree scale, 14.2 inches long. Both have 1% accuracy. _long-scale shadow-proof instruments can easily be read from any iS 
| 5 

602-197 ¢ 

: 
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‘We consider 


Be ita 


| hig step in the 
levelopment of 
lass B 
nsulations ...” 


INE AFTER ANOTHER, transformer 
ynpanies like Jeffries are ““discover- 
g”’ Quinterra—the revolutionary, 
ew Johns-Manville purified as- 
sstos, high-temperature, electrical 
sulation. 

... And, like Jeffries, they’re dis- 
yvering that Quinterra in a.trans- 
rmer gives them important selling 
lvantages ... as well as providing 
any savings in transformer design 
id production. 


eg 


Johns-Manville ! Box 290, New York 16, N. Y. 
ELECTRICAL INSULATIONS | 
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Quinterra is a paper-thin flexible, con- 
tinuous sheet insulation. It is being 
widely used for interlayer and wrap- 
per insulation in transformers and 
coils. 

Its lasting dielectric strength, due 
to its resistance to pyrolysis, assures 
a greater safety factor and longer 
operating life. Quinterra withstands 
substantially higher temperatures 
than the hot-spot limit of 130C for 
Class B insulations. 


Kindly send me a copy of ; 
Johns-Manville Quinterra Electrical Insulation EL-34A. 


Name 


QUINTERRA 
cuts factory rejects 
reduces complaints 
improves production rate 


produces more uniform product 


Se SSS SS 


cuts costs of 
operations 


Johns-Manville 


Company 


Address. 
City 
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NEW AND BETTER MOTOR BRAKE 


A radically improved design of two-shoe industrial brake 
that includes two magnets instead of one. This and numer- 


ous other features improve operation and reduce maintenance 


By THEODORE W. DRIESCH 


Control Engineering Divisions, Apparatus Department 


General Electric Company 


FTER man had invented the wheel, he was im- 
mediately confronted with the problem of bring- 
ing to a stop whatever the wheel moved. Probably one 
of the earliest friction devices for retarding or stopping 
a wagon wheel by friction was a stick of wood held 
between the wheel axle and the ground. Next came 
some type of crude wood or metal shoe, pressed against 
the rim of the wheel by the pull on a handle or push on 
a foot-operated lever. 

With the advent of the machine age, it became more 
important to develop brakes to retard and stop revolv- 
ing machinery and the first band brake resulted. This 
was a steel band, with small wooden blocks attached 
as friction material, wrapped around the wheel, and 
with a long lever to multiply the force exerted by hand 
or foot. Sometimes instead of using muscular effort 
to apply braking force, weights were used but the 
release was made by hand or foot energy. 

The later use of electric power, in the form of motor 
drives with ever-increasing speeds and horsepower, 
demanded brakes of greater capacity and reliability. 


Electricity then took the place of muscular effort. . 


Improved friction materials replaced the blocks of 
wood. Fia. 1 illustrates such an electrical brake of early 
design. 


DESIGN OBJECTIVES 


During the past 50 years, designs have been de- 
veloped with a multitude of variations in shoe or band 
arrangements, with one or more springs, and with 
numerous links, levers, and pins. The majority of those 
brakes had only one magnet and used a system of 
mechanical linkages to multiply the force of the magnet 
to release the shoe pressure. 

The major objectives in the development of the new 
brake described in this article were: (1) to reduce the 
number of wearing parts, (2) to obtain faster operation, 
(3) to simplify the mearis of making adjustments, and 
(4) to have fewer parts. The first two objectives have 
been attained through the adoption of a short-stroke 
two-magnet design, which eliminates numerous levers, 
links, pins, and bearings. Ease of adjustment has been 
achieved through readily accessible screws for adjusting 
the magnet gap and torque setting. The fourth ob- 
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jective has been reached by the elimination of parts 7. 
the symmetry of the design. These objectives aim ~ 
decreased maintenance. Other advantages include in 
proved performance and appearance. The simplicitt 
of the new design can be noted by reference to th 
semisectional view in Fic. 2. | 

Each armature is suspended from a bearing pin whic 
is supported by the front and back frame castings. Eac 
shoe, with its lining, is mounted on its armature an’ 


Fig. 1. Typical early design of industrial brake. It has but one magn 


supported by a spherical bearing which forms an in: 
tegral assembly with the adjusting screw in the arma 
tures. Near the bottom, facing each armature, is < 
magnet which carries its potted coil. The torque sprit é 
acts directly on the two armatures. 


TWO-MAGNET DESIGN 


__ The use of two magnets is one of the principal feature . 
of the new brake. Fic. 2 illustrates how the mat 
are utilized as levers, with only two bearing pins anc 
one torque spring to produce the necessary - Meet 
Two magnets result in smaller air gaps, and thereb 
insure faster operation. 


Each magnet structure and coil assembly forms 
integral unit. The coils are potted with permafil, ¢ 
thermosetting plastic material that is hard and tou 1 
and that will withstand much mechanical abuse. It i 
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FRAME SHOE BEARING “it 
LIFTING BOLT WHEEL NING ee IN FRAME) 


NEOPRENE 
BOOT 


SPHERICAL 
BEARING 


ADJUSTING 


2. Partial-section drawing of the new 
-shoe two-magnet brake showing the 
Dlicity of its design 


COIL WINDING 


MOUNTING 
PLATE 


TORQUE SPRING i ARMATURE 


als have proved that these magnet-and-coil assem- pressure is of the order of 250 lb per'sq in. at maximum 
es can be used out-of-doors without special enclosures load. This is conservative for the material involved 
protective covers. The two shunt or series wound and is lower than the pressures encountered in previous © 
ls of each brake are connected in series. Power con- brake designs. The two side-frame castings provide for 
stions to the brake can be made at either magnet. alignment and support of the bearing pins from which 
. the armatures are suspended. 

TRIBUTION OF FORCES 
The force diagrams in Fic. 3 illustrate step by step ADJUSTMENTS 

> static and the impact reactions due to spring force Torque adjustments are made at the front of the 
d magnet force. The bearing points in the armatures brake as can be seen by reference to Fic. 4. Since brake 
» made of graphited bronze bushings which oscillate torque varies in direct ratio to the spring length, the 
hardened and ground steel bearing pins. The bearing latter is a direct measure of torque. An indicator and a 


(IMPACT BEARING PIN. IMPACT BEARING PIN . 
REACTION REACTION REACTION REACTION i 


WHEEL REACTION 
INERTIA FORCE 
IMPACT MAGNET 


REACTION FORCE 
SPRING FORCE SPRING FORCE 


IMPACT REACTION 


INERTIA FORCE 


SPRING FORCE SPRING FORCE 


: TANT STATIG REACTIONS: 
T REACTIONS AT INSTANT STATIC REACTIONS: IMBACT REACTIONS AT INS 
Ber ewee eee WHEEL BRAKE SET, MAGNET DE-ENERGIZEO OF ARMATURE STRIKING MAGNET BRAKE RELEASED, MAGNET ENERGIZED 


Fig. 3. Schematic diagrams of the distribution of forces for various conditions (shown for one side of brake only) 


calibrated plate permit direct reading of torque setting 
in pound-feet. 

Magnetic pull is a function of magnet gap, and mag- 
net gap is a function of shoe clearance and lining wear. 
The magnetic pull available at a given gap has to over- 
come the force of the torque spring. Hence, as the 
linings wear, the magnet gap increases and the mag- 
netic pull decreases. Gap adjustment, therefore, must 
be made before the magnetic pull drops below the 
spring force. The magnet gap adjustment and the lining 
wear adjustment are accomplished by advancing the 
brake shoe in relation to the armature. A gap indicator 
extends from each armature through the front frame 

: cs and permits easy checking of magnet-gap condition 
ae are pL daa the method of torque adjustment and the by Deets gap iadica ting pla fe (Fic. 4), 


ruary, 1951 GENERAL ELECTRIC REVIEW 97 
on 


a *, 


LININGS 

The majority of industrial brakes use asbestos fiber 
as friction material. Asbestos is resistant to heat, non- 
combustible, and has a high coefficient of friction. Its 
friction coefficient and wear factor, as well as its 
mechanical strength, depend on the binder and other 
ingredients used. Lining material, is available in woven 
and molded form. It is necessary that the designer, in 
selecting lining material, also consider carefully the 
material of the brake wheel since proper choice of both 
materials is necessary to obtain optimum lining life. 

Replacement of linings is an important maintenance 
job. In this brake each lining is fastened to a steel back- 
ing, and each unit can be slid in or out from the face 
of its shoe as soon as shoe pressure is released. Referring 
to Fic. 5, such release is accomplished by means of a 
manual quick-release mechanism readily accessible at 
the front of the brake. To provide the necessary 
clearance between the wheel and the shoe and to ac- nl 
commodate the thickness of the new lining, the gap res ei 

Fig. 5. Illustration of how the brake-shoe linings may be readily feniacae i 


adjustment must be backed off and readjusted after 
i 


the new linings have been installed. With this brake 
it is therefore possible to change linings without having 
to remove the shoes, disassemble any other parts, or 
disturb the torque adjustment. 


iia 


BRAKE WHEEL 


The designing of the brake wheel had to take into 
account the strength to permit operation at maximum 
safe speeds; contours to allow for maximum heat dissipa- 
tion both by conduction and convection; wear resistance 
to avoid scoring by the lining material; and low WK?. 

Vertical removal or replacement of the brake wheel 
and motor armature, which is necessary for crane or 
mill applications, can be accomplished without disturb- 
ing either the torque or magnet-gap setting. This 
is possible because the brake is open on top and the 
shoes pivot on spherical bearings which will readily 
tilt out of the way. When lifting the wheel, shoe pres- 
sure must first be relieved by means of the manual 
quick-release mechanism. Fic. 6 illustrates the ease 
with which the wheel may be removed vertically. ; 

Bic o7-chows.the appearance o PD ee Peli Pit ies construction of the brake permits vertical removal | 
shoe two-magnet brakes with a d-c mill-type motor. 
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SEXTON CAN COMPANY 


Incorporated 


Everett Massachusetts 
_ Manufacturers fo 
Ash Barrels Underground Garbage Receivers 
Kitchen Waste Cans 


CAPACITOR CASES 
both Fabricated and Deep Drawn 


FIVE GALLON ; 
Open and Closed Top Shipping Containess 
METAL STAMPINGS . 
S P E C | A L S H E ET m ETA L W 0 R K Fig. 7. The new two-shoe two-magnet eas as applied to a d-c mill- 
type motor ae 
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CONNECTION diagram is defined as one which 
shows the physical arrangement of devices in an 
juipment and the connections between these devices 
id the terminals provided for outgoing connections to 
le external apparatus. Such a diagram is sometimes 
ferred to as a ‘‘wiring diagram.”’ 


Although the connection diagrams currently used for 
dustrial control panels fulfill the basic requirements 


[ 


3 4 wi 12 Wl F2 Fi 


Fig. 1. Nonscale, wired connection diagram 


the definition, a number of undesirable features are 
herent in the diagrams and the drafting procedures 
sed in their preparation. 


IORTCOMINGS OF CONVENTIONAL DIAGRAM 

‘The conventional diagram is not to scale, and the 
ectrical symbols are not indicative of device or com- 
nent size. The composite symbol arrangement does 
st indicate clearances or correct relative heights, and 
not a true picture of the actual panel layout. Dis- 
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in which components are shown fo scale. This 
new representation and a wire table facilitate 


assembly direct from the connection diagram 
By F. L. TEUSCHER and A. H. ADAMS 


Industry Control Engineering Division 
General Electric Company 
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HE SCALE CONNECTION DIAGRAM 


An accurate and completely detailed diagram 


Lee ID de See i 


torted proportions increase the possibility of manu- 
facturing or maintenance personnel’s misinterpreting 
the diagram. Mechanical details are not illustrated by 
the symbol, which is strictly an electrical presentation 
that does not specify whether a connection stud or 
terminal is located behind or in front of the panel. 


Not only is the practice of drawing each and every 
symbol by hand laborious and time-consuming, but 


WIRE TABLE 
WIRE CONNECT TO 


+ LSW, CPSW 

= LSW, CPSW 

Fl | Te |cPSw, FU 

F2 | TB [Ress RH,FF-FA 
FF-FA, RH, FL 

F4 | Fu.cesw, FU 

02 FU,M,A, AX, 


Nonscale, wireless connection diagram 


Fig. 2. 


the presence of the human element increases the 
possibility of error and tends to promote inconsistent 
practices. Furthermore, in order to maintain standard- 
ization, considerable effort must be expended for 
continuous orientation of drafting and engineering 
personnel on changes of product and procedures. 
Fics. 1 and 2 illustrate conventional-type diagrams for 
a small back-wired control panel. 


SCALE DIAGRAM 


A new type of connection diagram has been developed 
which overcomes the undesirable features of the older 
type by providing an accurate and completely detailed 
scale representation of the panel. A photographic re- 
production process is employed to produce the scale 
diagram in less time. Mechanical as well as electrical 
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WIRE TABLE 


WIRE |CONNECTION SEQUENCE 
*i4 WIRE 

LSw, CPSW 

LSw, CPSW 

GPSW, FU, TB 

IRS, FF-FA,RH, TB 
FF-FA,RH, FL 

F4 CPSW, FU, FL 

02 A,M,B, FF-FA,FU, AX 
wi A,M,8, FU, TB 

3 B,M, AX,TB 


4 0c, TB 
5 OC,FL 
6 M,FL 
7 A,AX 
8 

9 


M, AX 


A, FF-FA 
" 8,T8 
12 8, TB 
CPSW, IRS 


MOTOR Sa 


RAKE 


CONTROL 
PUSH BUTTON 


Fig. 3. Scale connection diagram with sequence wire table. (The 
numbers within the circles denote items in a material list.) 


details are shown, materially increasing the usefulness 
of the diagram. FIG. 3 is a reproduction of the new scale 
diagram applied to the same panel shown in Fics. 1 
and 2 

The major advantage of the new diagram is that the 
_ panel and its components are to scale; the arrangement 
and size of symbols agree exactly with the layout of 
devices on the panel as manufactured. Relative heights, 
length of wire runs, and location of studs and terminals 
can be scaled directly from the diagram. Positive 
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Front view Back view New scale Old 
symbol symbol 


Fig. 4. A 100-amp mill-type d-c contactor and symbols 
identification and location of devices makes the scale 
diagram particularly useful during manufacture, in- 
stallation, and maintenance. 


SYMBOLS 

The new scale symbols are true replicas of the devices 
and components, as indicated by the close similarity 
between Fics. 4(a) and 4(b)—front and back views of 
a 100-amp d-c power contactor—and the new symbol, 
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Fic. 4(c). The electrical portion of the symbol is clwal 
shown attached to the appropriate connection ter 
minals. Fic. 4(c) indicates that the top and botto 
power connections are respectively vertical and horizon 
tal bars extending through lead holes in the panel 
The photographs show also that the interlock and cot 
terminals are located in front of the panel and are wire¢ 
through lead holes. The symbol portrays this informa 
tion by the broken line extending from the lead hold 
to the solid dot designating the coil or interlock 
terminal. The old symbol of Fic. 4(d) does not shoy 
mechanical details. Compare the size of Fic. 4(c) with 
that of Fic. 4(d). ‘ 
The fact that mounting as well as connection stud 
are an integral part of all scale symbols is of speciai 
benefit to manufacturing and maintenance personnel 
Photographs of the multicircuit contactor in Frcs. 5(a} 
and 5(b) illustrate the need for an easy method op 
identifying each of the various studs extending throu ] 
the panel. The new symbol in Fic. 5(c) provides the 
answer by simple inspection. The conventional symbol 
in Fic. 5(d) obviously lacks such detail. ‘ 
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On the old-type diagram it is not practical to clearly 
indicate whether a device is mounted on the front on 
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Front view Back view New scale Old @& 
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Fig. 5. Miulticircuit d-c contactor and symbols 
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back of the panel. The new diagram overcomes this by 

use of solid or dotted component outlines. On bac 

wired panels, outlines for components mounted frontt 

of panel are shown dotted; solid outlines denote ce 
panel mounting. 

Fic. 6(a) shows a photograph of a small conte 
resistor, the old symbol for which is Fic. 6(d). The: 
dotted and solid scale symbols denoting front and back: 
mounting applications are illustrated by Fics. 6(b)} 
and 6(c). As these symbols are used in Fic. 3, the: 
ammeter AM is shown to be front-mounted, whereas: 
the rheostat RH and terminal board TB are back-. 
mounted. For many equipments this feature permits: 
panel assembly direct from the connection diagram| 
and obviates the need for separate sketches or draw-. 
ings. The encircled numbers adjacent to device symbols 
denote material-list item numbers. 
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WIRELESS DIAGRAM 


The connection diagrams illustrated in Fics. 2 and ; 
are ‘‘wireless’’ type. Power leads are drawn Seal 
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facilitate planning of heavy bus and cable runs, but 
) control wires are shown between connection points. 


imination of lines denoting control wires reduces | 


ngestion and makes the diagram easier to read. In 
G. 1, on the other hand, it is impossible to determine 
nat devices are common to a particular wire without 
amining in detail the many symbols and cable runs. 
ne wireless diagram utilizes a ‘‘wire table” which is a 
mplete listing of all control wires, arranged in nu- 
erical order. Opposite each wire number are listed 
e designations of all devices connected by that wire. 


ach wire is shown on the diagram adjacent to the 
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(b) (c) (d) 


(a) 
Front view New scale New scale Old 
symbol symbol symbol 
(front-mounted) (rear-mounted) 


Fig. 6. Cage-type resistor 


mnection stud or terminal on the device symbol to 
hich it connects. A wire run can be quickly described 
> combined reference to the wire table and the num- 
red symbols. 
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For practical reasons, short jumper wires connecting 
70 Or more points on the same device are drawn 
mplete and are omitted from the wire table. This is 
ustrated in Fic. 3 by wire W1, which is common to 
th interlocks of device M. 

The ‘‘wireless”’ principle was first applied to the non- 
ale connection diagram. Fic. 2 shows how the con- 
nmtional wired diagram of Fic. 1 has been modified 
r substitution of the wire table for drawn control 
res. This type of wireless diagram has been used and 
cepted in industry for the past few years. 

The wire table of the new scale diagram differs 
9m that of Fic. 2 in that device designations for each 
re are listed in the table in their proper wiring 
quence—that is, the successive order in which. all 
vices are to be connected. In Fic. 2 the device 
signations are listed at random; in Fic. 3, however, 
e connection sequence for wires such as W/ and O2 
specifically arranged to denote the actual wire run. 
1e scale diagram makes this practice possible because 
e shortest, or optimum, wiring path is easily deter- 
ned by inspection. This feature is advantageous in 
at (1) the connection diagram prescribes to the manu- 
turing organization exactly how the panel is to be 
red, and (2) wire tracing during installation or 
sintenance of the control is easier because the diagram 
rees exactly with the actual panel wiring. 
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ADVANTAGES 


The many advantages of the scale connection dia- 
gram can be summarized as follows: 


To the User 


(1). Better diagram service—prints can be made 
available sooner. 

(2). The wire runs as indicated on.the connection 
diagram agree exactly with the actual panel wiring. 
The sequence wire table is a helpful tool for mainte- 
nance personnel when tracing Circuits during trouble 
shooting. 

(3). Device identification is more positive. The 
detailed scale symbol on the diagram tells the mainte- 
nance man exactly what to look for when trying to 
locate a particular mounting or connection stud from 
behind the panel. This feature is particularly advan- 
tageous to inexperienced personnel who must work 
on congested panel areas which are a maze of wires 
and studs. 

(4). Inclusion of mechanical details constitutes 
added information not supplied on outline drawings. 
The scale diagram is a valuable record of the physical 
as well as electrical properties of the panel. If changes 
or additions are contemplated, the user can deter- 
mine the amount of any available spare space simply 
by scaling the diagram. 

(5). Use of the dimension denoting panel height 
above the floor level (as shown on Fic. 3) in conjunc- 
tion with the scale panel layout enables accurate 
determination of outgoing cable lengths and conduit 
locations. Information of this nature can therefore 
be made available in ample time for preparation of 
installation drawings. 

(6). Greater uniformity between diagrams for 
similar equipments is assured. 

(7). By providing the designer with a scale replica 
of the product before it is manufactured, qa and 
appearance are improved. 


To the Manufacturer 

(1). Photographic reproduction of device and com- 
ponent symbols requires less time and reduces hu- 
man error. 

(2). The scale diagram is not distorted and 
presents a clear picture of the equipment to be 
manufactured. Interpretation of engineering instruc- 
tions is simplified. 

(3). Prescribed wiring sequence increases the 
scope of the diagram, thus making it easier to achieve 
uniformity of wiring on duplicate or similar panels. 


The photographic reproduction processes can be ap- 
plied not only to connection diagrams, but also to the 
construction of interconnection diagrams. Symbols for 
the motor, brake, and push button shown in FIG. 3 are 
reproduced in the same manner as the panel devices. 
Separate and extensive interconnection diagrams also, 
showing the connections between panels and their ex- 
ternal apparatus, can be produced in less time. 
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One of two 66,000, 215,000 grd Y—60,000 grd Y—12,000 volt. 60 cycle 
power transformers built by Canadian General Electric for the Horne 
Payne substation of B. C. Electric Railway Company. 


Iu Cauada... 


Eleven factories manufacture 
General Electric products. 31 
engineering and sales offices 
and 26 warehouses are located 
from coast-to-coast to serve you. 


CANADIAN GENERAL ELECTRIC CO 


LIMITED 
Head Office - Toronto—Sales Offices from Coast-to-Coast 


: Pulp Products Department 
WEST VIRGINIA PULP & PAPER COMPANY 


230 Park Avenue, New York, N.Y. 35 E. Wacker Drive, Chicago, Ill. 
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Edison Swan Electric Co., Ltd. 


(Incorporating Harcourts Limited) 
Ferguson Pailin Limited 
Hotpoint Electric Appliance Co., Ltd. 
(Incorporating International Refrigerator Co., Ltd. 
and Premier Electric Heaters’ Ltd.) 


~ Metropolitan-Vickers 
Electrical Co., Ltd. 


Metropolitan-Vickers-GRS. Ltd. 


Newton Victor Ltd. 
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1950 BOUND VOLUME 


offers you 


1) Better Reference 


2) Better Service 


Return your single copies for 1950 and we'll send 
you a complete volume, with index, bound in our 
attractive gold stamped, black half-morocco 
leather binding, with cloth sides. 


A complete file for quick and easy reference 
in this good looking, durable binding fer only 


$6.00 postpaid. To points outside the U.S. A. 
$1.00 postage. 
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This winding-insulation tester is used to surge test all semi-open-slot stators turned out in this plant. 


WINDING- 
INSULATION TESTER 


One motor manufacturer recently told us that 
ce installing a General Electric Winding-Insulation Tester he has— 


® cut rejects on motors from 4% to 0.1% 


@® been able to test as many as 10 stators a minute in 
the small sizes 


@ been able to find faults that other tests would not 
show. 


> G-E Winding-Insulation Tester is also applicable for testing 
nerators, transformers and coils. With it you can: 


@ conduct over-all surge tests 
@ detect tco many or too few turns 


@ detect grounds, short circuits, open circuits, shorts 
between turns and shorts between phases. 


| your G-E sales office or see your authorized G-E distributor 
n. For free descriptive literature CLIP THE COUPON 
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The test operator easily detects faults by 
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observing the wave shape on the scope. Vari- 
ations in the oscillogram indicate the nature 
of the fault if any. 


Section C687-61, Apparatus Dept., 
General Electric Co., Schenectady, New York 


Please send me bulletin GEC-321 on your winding- 
insulation tester. 


Dplanning an immediate project 


Lifor reference purposes 


Waite se ee on ah nn Sel dA 
(please print) 
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ODAY’S designs are the products of a new gen- 

eration, with some of the progress resulting from 
improvement and extension of principles given to us 
by previous generations and proof by experience of 
their courageous pioneering, while other departures 
are much more radical. It therefore seems appropriate 
to review the progress which has been made during 
the past twenty years or more. This progress has 
touched practically all aspects of turbine generators. 
In 1929, 60-cycle generators larger than about 15,625 
kva rating were designed for a speed of 1800 rpm; 
and 62,500 kva was considered quite a large rating. 
All turbine generators were air-cooled, practically all 
being designed for closed-circuit cooling, with finned- 
tube coolers located beneath the generator.%@ Since 
then, hydrogen cooling has superseded air cooling in 
practically all new machines for central-station service; 
and a tremendous growth of about 10 to 1 has taken 
place in the size of 2-pole 3600-rpm generators. This 
article gives a general survey of these changes, with a 
description of some of the more interesting and im- 
portant design features which contribute to the re- 
liability, efficiency, and good operation of present-day 
machines; and a final section deals with the continuing 
increase in size of 3600-rpm generators. 


HYDROGEN FEATURES 


The use of hydrogen as a cooling medium for rotating 
electrical machines has been well covered®) *°() pre- 
viously. Nevertheless, it is mentioned here because the 
advantages of using hydrogen are greatest in large high- 
speed generators such as the turbine-driven type, and 
have been so well recognized that air-cooled machines 
are now seldom built for 60-cycle ratings larger than 
about 15,625 kva for use in the U.S.A. This did not 
come about all at once. The first hydrogen-cooled gen- 
erator was ordered in 1935 and put in operation in 
1937. However, even before this pioneer machine was 
built, many operating companies were convinced of 
the value of hydrogen cooling, probably because of 
the earlier success achieved with synchronous con- 
densers. About 20 percent of the orders received by 


(1) Numbered references are listed at the end of the article. 


_ This article was presented as a paper at the Winter Meeting of the AIEE 
in New York City on January 26, 1951. 


This article is so paged that, without mutilating other articles, it can be 
readily removed for filing as a group of full-size consecutive pages.—EpIToR 
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"PROGRESS IN DEVELOPMENT OF 
LARGE TURBINE GENERATORS 


The whole complexion of turbine generator 
designs has changed radically in 20 years, 
with many changes in structure and materials, 
in cooling, capacity, size, and performance 


By E. D. HUNTLEY and H. D. TAYLOR 


Turbine Generator Engineering Division 
General Electric Company 
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the General Electric Company in 1936 for turbine 
generators of 12,500 kva rating and larger were fo 
hydrogen cooled machines. This percentage has con 
tinually increased, amounting to 35 percent in 1937 
50 percent in 1940, and about 90 percent in 1946. Nos 
including 15,625 kva and smaller ratings the presen 
percentage is practically 100. Since 1935, the Compan 
has received orders for 450 hydrogen-cooled generato1 
totalling approximately 28,000,000 kva rating; and 264 
of these are in service (as of October 1, 1950). - 

The first ten years of operating experience with hydro: 
gen-cooled generators established an extremely gooc 
record for reliability of these new-type machines. Those 
built by the Company all employed auxiliary equip) 
ment for vacuum treatment of the shaft sealing oil] 
with pumps, tanks, float valves, regulating valves, and 
various provisions for emergency operation in case off 
failure of any of these auxiliaries. This vacuum systemt 
appeared rather complex to the uninitiated, but was 
well thought out and built that in 10 years’ operatidhl 
of all the 132 generators in service there was not a singl : 
major service interruption chargeable to the hydroge 


OU 


Fig. 1. Comparison of 
auxiliary seal oil-supply 
units for vacuum system 
(above) and for continuous 
scavenging system (below, 
to same scale) 


February, 1951 


tures. This does not mean that all the auxiliaries - 


rtormed perfectly all the time; but, rather, that such 
uubles as did occur were of a relatively minor nature, 
d had been backed up in such a way as to avoid the 
sessity for taking the generator out of service. In the 
th year, this record was broken, and a service outage 
surred on one machine because of a succession of 
ents, starting with leakage of air into the main seal 
pump caused by loose bolts on the pump suction 
nge, and including failure of some alarm devices to 
iction properly, and misoperation by the station 
rsonnel. Such combinations of circumstances are 
ite rare—which serves to emphasize the reliability 
the vacuum system of hydrogen auxiliaries when 
perly installed arid operated. 

A new simplified hydrogen system was developed sev- 
ul years ago by the company, and has been used on a 
asiderable number of machines. This is known as 
> “Continuous Scavenging System,”’ which has been 
scribed recently.) It does away with the use of 
cuum-treated oil, and materially cuts down the num- 
r and size of the auxiliaries, so that the operation is 
satly simplified, and the floor space required for the 
xiliary equipment is materially reduced. A compari- 
1 of the sealing oil auxiliaries for the older vacuum 
ating system and the newer continuous scavenging 
stem is shown in Fic. 1. Operating experience has 
sroughly proved the reliability of the new system. 
is now a standard feature on all but the largest sizes 
new hydrogen-cooled turbine-generators, and will 
Ibably be used on them also within another year or 
O: 


PROVEMENTS IN VENTILATION 

Internal ventilation of turbine-generator fields was a 
jor improvement of the 1920’s. In those days this 
otilation was arranged to flow axially inward from 
» ends of the rotor through subslots or tunnels just 
derneath the field-coil slots, discharging radially 
‘ough holes drilled in the teeth between the field 
ls. In the 1930’s an improved type of ventilation was 
plied to the larger two-pole rotors then being de- 
oped, wherein the tunnels or subslots were super- 
led by narrow ventilating slots cut directly in the 
th and closed by small wedges through which dis- 
urge holes were drilled, in the central portion of the 
or. These tooth-ventilation ducts had a double ad- 
atage over the tunnels, in that they provided a more 
ect path for the flow of heat from the field coils into 
. ventilating ducts, and also relieved the mechanical 
by ‘on the roots of the teeth, caused by centrifugal 
ce, so that more copper could be carried in the field 
ts for the same limiting tooth root stress. This con- 
action was particularly adapted to use in two-pole 
igns ‘on account of the more pronounced taper of the 
th as compared with four-pole machines. A more re- 
t improvement in rotor ventilation employs both 
slots and tooth ventilation ducts as is shown in 
;. 2, which shows a representation of a section of a 
Bees Held structure. This arrangement practically 
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surrounds the field coil with active ventilation so as to 
achieve a minimum temperature rise, together with im- 
proved uniformity in the radial distribution of the tem- 
perature in the various turns of the field winding. The 
advantages of this construction are fairly obvious—so 
much so that it was suggested repeatedly by many 
different designers. It was not adopted, however, until 
one of them devised a suitable means for discharging 
the ventilating gas from the tunnel without unduly 
impairing the strength of the tooth root structure. This 
is accomplished by drilling a number of radial holes in 
the central part of the rotor down from the ventilating 
slot in each tooth deep enough to be alongside of the 
subslot, from which a matching hole is drilled circum- 
ferentially to meet it. 


Fig. 2. Representation of 
field structure showing 
combined tooth duct and 
tunnel ventilating system 


One of these circumferential holes can be seen in the 
near corner of the model shown in Fie. 2. It will also be 
observed that the subslot has been widened at this spot: 
by means of a radial drill of the same diameter as the 
width of the main coil slot. Many visitors at the factory 
become highly curious as to how this circumferential 
hole is drilled near the bottom of a fairly deep slot. It 
is really quite simple, as the drilling device consists of 
a train of spur gears carried between two steel plates, 
and driven by a motor. This assembly fits down into 
the slot with a considerable clearance; and the bottom 
member of the gear train carries a small end mill pro- 
jecting from the side of one of the supporting plates. 
The whole device is arranged to swing on a set of pivots 
located in a framework which clamps to the surface of 
the rotor, and the hole is drilled simply by starting the 
driving motor and swinging the assembly so that the 
end mill cuts through at the proper place near the bot- 
tom of the slot. Anticipated difficulties with this opera- 
tion did not materialize, and this construction has now 
been used for several years. It is particularly adapted 
to the larger-size 3600-rpm 2-pole generators, where the 
radial depth of the copper field coils is somewhat limited 
by mechanical considerations. 

Propeller-type fans have long ago been found to be 
better adapted to the very large 3600-rpm genera- 
tors than the older centrifugal fans, partly because they 
are more efficient, but also because the inlet conditions 
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are more favorable and a more compact design can be 
arranged. The centrifugal fans require that the inlet 
gas must flow through an annular opening between the 
shroud ring and the shaft, which is a very serious 
limitation in large high-speed generators. With propeller- 
type fans, however, there is no such limitation. For 
these reasons, propeller fans have been standard now for 
quite a number of years on the larger 3600-rpm genera- 
tors. One difficulty with them, however, was observed 
and corrected when they were first applied. This is the 
matter of the distribution of the total ventilating flow 
among the various parallel circuits of the multiple 
radial ventilating system, which has long been standard. 

The axial discharge from the propeller fans quite 
naturally favored the circuits through the ends of the 
machine (directly into the air gap) at the expense of 
the circuits employing inlet sections in the central part 
of core structure. This is in contrast to the tendency 
of the centrifugal fans, with radial discharge, which 
favored the core inlet sections. This shift in distribution 
of flow of ventilating gas caused by changing over to 
propeller type fans was readily corrected by the use 
of baffles, and as this was provided for on the first 
hydrogen-cooled generators employing propeller fans, 
no difficulties have resulted. As a matter of fact, very 
complete tests on this point were carried out in a 
special half-scale setup, which was operated with pro- 
peller fans over a period of a year or more with various 
combinations of duct and fan and baffle arrangements. 
The results of these tests are quite detailed and are 
beyond the scope of the present article. However, the 
work may be summarized by stating that optimum 
arrangements were determined and have been used to 
advantage in design of ever larger 3600-rpm generators. 

These developments in the ventilation of both stator 
and rotor have been most fruitful, as the temperature 
rises of the windings in new generators which have been 
designed to take advantage of these improvements 
have proved to be very conservative. This will be 
touched upon further in the last section of this article. 


MECHANICAL IMPROVEMENTS 
Most of the earliest hydrogen-cooled turbine genera- 
tors employed heavy split cast-steel end shields, de- 
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‘time to clamp the bearing properly. A major improv 
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Fig. 3. Hydrogen-cooled 
turbine generator with 
welded steel plate end 
shields having removable 
bearing caps and access 
ports; also shown is the 
vertical cooler arrange- 
ment 
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signed both to withstand possible explosion pressuti 
safely, and to support the main bearings. Such casting 
proved to be rather expensive and were often porow 
and much trouble was experienced in their manufactur | 
with defects which frequently were not discovered unt 
the parts were nearly finished, so that extra costs ar 
annoying delays were caused by the necessity of maj 
repairs. In addition, it was a tedious and fussy job = 
fit the top and bottom half shields together in such 
way as to make a gas- and oil-tight joint, and at the sarr 


ul 


ment was made several years ago by changing over 1 
fabricated construction of the end shields, using weld a 
steel plates. This eliminated the casting troubles co mt 


pletely. At the same time, the basic design was chang ‘ 


cover plates were provided in the top half shields, tc 
convenient access to the inside of the machine at eac 
end. Separate bearing caps were made, apart from 
top half shields, so that the fitting of the shields a 


the shields, so that with this construction it was possib} 
to roll out the bearings for inspection without removi n 
the top-half end shields, and without purging the ger 
erator casing of hydrogen. This type of shield con 
struction is illustrated in Fic. 3. é | 
An annoying characteristic of many of. the By 
early 3600-rpm generators was the magnetic doubled 
frequency vibration, caused by elliptical distortion ‘¢ 
the stator core and frame by the magnetic pull of the & 
pole rotor on the inside of the core. This vibratio: 
appeared and disappeared as voltage was built up a 
reduced on the armature winding. It was usual’ 
communicated to the machine foundation and adjac 
parts of the power station, such as beams, floor a 
instrument panels, gages, etc.; and the resulting y 
bration and noise were often cieeeceea nie and occasi 
ally destructive, especially if there happened to be . 
condition of vibrational resonance which resulted ii 
magnification of the rather small amplitudes tran 
mitted from the machine. This magnetic core vibratiot 
is isolated from the frame in modern machines by al 
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stic core suspension, as has been described pre- 
usly,“(?) so that it is- ordinarily impossible to tell 
touch or by ear when excitation is applied. Another 
ye of double-frequency vibration, independent both 
excitation and mechanical balance, has occasionally 
wn up on the machine bearings or on overhung 
rtions of the shaft, such as the collector. This is 
ociated with the slight difference in the bending 
iness of the 2-pole rotor between the polar axis and 
2 axis through the slotted region of the field body, 
ich may give the rotor a tendency to rise and fall 
sr so slightly twice per revolution.@» @%) In the authors’ 
derience, this ‘“mechanical double-frequency”’ vibra- 
n of the rotor has been much less serious than the 
netic vibration of the stator core, and has never 
ised any serious operating trouble. In fact, it has 
dom been large enough to be noticeable, and then 
ly in cases involving mechanical resonance of the 
ole machine and foundation structure. Since these 
ses of resonance are practically impossible to predict, 
has become standard practice on large machines to 
luce the stimulation by partial compensation of the 
quality of the field body stiffness so as to insure 
ooth operation within fine limits in all cases. 


An improved arrangement of the hydrogen gas coolers, 
yunted inside the generator frame, gives a number of 
vantages, as compared with older designs usually 
ploying four coolers running lengthwise of the gen- 
tor. Vertical coolers, mounted at the four corners of 
s machine, as shown in Fic. 3, permit a. simpler, 
onger, lighter frame design, and facilitate manu- 
ture, especially with respect to cleaning out chips, etc. 
t, more important, this arrangement makes it easy 
keep the cooler water-boxes, gaskets, and all piping 
tside of the gas space, thus eliminating several pos- 
le sources of troublesome water leaks inside the 
ierator. Also the piping is arranged below the operat- 
* floor, out of the way. And the coolers can much 


Fig. 4. Two 125,000-kva 
1800-rpm hydrogen-cooled 
turbine generators, each 
with six vertical coolers 
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more readily be assembled or removed, simply using 
light crane facilities. Very large machines may employ 
6 or 8 vertical coolers, as in Fic. 4. 


IMPROVEMENTS IN INSULATION 


There are three major insulating functions in large 
turbine generators: (1) insulation of the relatively low- 
voltage d-c field windings, which must stand up under 
severe centrifugal loading and thermal expansion; 
(2) insulation of the high-voltage a-c armature coils, 
which have no centrifugal forces but are subject to 
thermal expansion stresses and must withstand severe 
mechanical shocks and occasionally voltage surges at 
times of system disturbances; and (3) insulation of the 
segmental core laminations against eddy-current losses 
and heating. Significant improvements in all of these 
insulations have been made in recent years. 


Mica tape made with a copal-type varnish and ap- 
plied with shellac was the standard turn insulation for 
turbine generator field windings for many years prior 
to the rapid increase in size of 3600-rpm machines, 
beginning in 1935. This tape proved to be inadequate 
to withstand the increased centrifugal pressures in the 
large 3600-rpm fields designed with copper windings 
(although it was quite satisfactory with aluminum 
windings), and it was superseded between 1935 and 1940 
by two improved insulations: (1) hard-pressed sheet 
mica of high quality containing very little binder, used 
as a separator between turns; and (2) a glass-cloth- 
backed mica tape’ made with a synthetic resin-base 
varnish. These were both used for a period of years, 
the separators on the larger machines, and the tape 
on the smaller ones. It was recognized that the separa- 
tors were advantageous in the slot region, giving a 
better space factor; and the tape was advantageous for 
the end portions, as it would stay in place better, 
although both had been found quite satisfactory in 
service in both regions. Present practice on all of the 


larger machines employs the logical combination of 
double separators in the slots and tape around the ends, 
the tape being applied to alternate turns and enclosing 
single separators. 

This turn insulation has been proved both by severe 
laboratory tests and by many years of service to be 
completely reliable. Less drastic changes have been 
made in the ground insulation for field windings, con- 
sisting of molded U-shaped armors for the slot region 
made of sheet mica protected by asbestos cloth, all 
impregnated with suitable varnishes to give the desired 
strength and toughness. The varnishes have been 
changed to synthetic types; and a thin protective layer 
of glasbestos cloth (made of a combination of glass and 
asbestos fibers) has been added on the inside of the U, 
so that the mica is now sandwiched between protective 
coverings. The previous slot armors have been virtually 
free of trouble for many years, and the new ones are 
even better. At the ends of the coils, where the entire 
coil sections were previously taped with half lapped 
layers of mica and asbestos tapes, the coils are now left 
bare for improved ventilation, and the ground insulation 
consists of a cylindrical ring between the coils and the 
retaining ring, molded of mica and asbestos cloth like 
the slot armors. The coil ends are separated from each 
other and blocked securely in place both axially and 
circumferentially by accurately fitted insulating blocks, 
made of asbestos-cloth-base Textolite®. This construc- 
tion is illustrated in Fic. 5, which also shows the large- 
radius corners of the field coils, which permit thermal 
expansion to take place without excessive bending 
stresses in the coil material. 


Reliability in service has been an outstanding 
characteristic of the high-voltage insulation used for 
large turbine-generator armature coils. The annual 
Edison Electric Institute report, showing the outage 
hours credited to various causes, reveals that over the 
years 1940 to 1947 (the last year reported), machines 
were available for operation, as far as armature insula- 
tion is concerned, 99.871 percent of the demand time. 
Expressed in another way, armature insulation has been 
available for service 799 out of every 800 machine 
operating years. No failures connected with “girth 
cracks” or ‘“‘tape separation’’ have been experienced in 
any hydrogen-cooled machines. It is believed that this 
record has been achieved by virtue of a program of 
continual improvements in the methods of applying this 
insulation. Such changes as better asphaltic-type 


varnishes and compounds, more exacting manufactur- 


ing techniques, more searching methods of inspection, 
and the application of quality-control methods have 
continually raised the mechanical and _ dielectric 
characteristics of the finished coils. 

With regard to manufacturing, the sequence of the 
compounding operation has been changed in such a way 
as to produce a denser, more completely filled coil. 
Molding operations have been modified, obtaining a 
marked increase in dielectric strength. Handling opera- 
tions in the shop have been safeguarded in many ways, 
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terminals). These have been replaced by Class 
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eliminating accidental damage during manufacty 
New inspection routines have been established % 
increased testing facilities provided to continua 
check and control earlier operations. New ma 
include an improved vertical separator, serving 
insulating bond between the two tiers of strands in1 
Roebel type transposed bars or half coils, the separag 
being made of glasbestos cloth (glass and .asb 
treated with a synthetic varnish which is excellent be 
as insulation and as a binder. On the surface of thell si 
portion of the coils, a coat of moderately high-resista dl 
varnish is applied for corona protection, supplementi 
at the ends outside the core by a much higher-resista an’ 
coating which serves to taper off the potential gradie 
and minimize any concentration which might cause d 
charges. Perhaps the most important change in Ee 
rials has been the elimination of Class A insulatii 
materials formerly used, such as cotton tape, fk 
fillers, linen cord, cambric tape (on loops, connection 


1 
a) 
‘a 
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materials—glass tape, asbestos fillers, glass cord, glas 
backed mica tape, etc.—so that the winding can realiss 
cally be called Class B throughout, from termin 
terminal. With these new features, the reliability 
high-voltage insulation on the stator coils of large tu 
bine generators can be counted upon to be even grea’ 
than would be indicated by the excellent records setf 
the past years. . 

Simultaneously with these improvements, extens 
laboratory work on the use of new insulating materia 
has been carried on. In spite of all this work, mica1r 
mains the backbone of high-voltage insulation. ‘ 
ever, new stickers and compounds and new forms of mij 
give considerable promise for the future. A number 
the most promising combinations are now undergoit 
severe tests. In view of the excellent performance - 
presently used insulation, and the very small percenta:; 
increase in machine availability obtainable even wit 
perfect insulating system, it is felt that new insulatioz 
must undergo the most rigorous testing procedures, a: 
even more important, must prove themselves in actu 
service on suitable machines before risking the 1 
ability of many major units. In short, an insulatic 
change should be an evolutionary process, not 
revolutionary one. 
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Major improvements have been made in core-pl 

enamel within the last decade, and the flash process | 
applying it to the punchings of turbine generators h 
been superseded. In the first place, the somewhat oe 
pickled surface of the sheet-steel punchings themsely 
has been made comparatively smooth by a special col C 
rolling operation which is carefully controlled to ave yi 
increase of magnetic losses. This is a basic i improvenily 2 
as it is next to impossible to put a good thin insulatit 
film on a rough pickled surface. Secondly, a new type « 
enamel is used, made of a thermosetting synthet 
resin, mixed with a considerable percentage of inorgan 
material—finely divided silica particles. When proper! 
baked, the enamel ‘‘sets up’’ and thereafter cannot ‘ 


F ebruary, 19 


ned by any amount of heat, even to the extent of 
ing it off. And even if it should be deliberately 
ed off (as is done regularly for test purposes on 
le punchings) there is a residue of silica which forms 
-y effective insulating barrier or firewall. Thirdly, 
baking-type ovens have been provided for applying 
lew enamel, with adequate controls to insure proper 
ag to produce a hard tough film. Finally, inspection 
ques have been greatly improved, and the quality 
ie finished punchings is controlled by insulation 
on frequent samples of the actual punchings, under 
and pressure conditions more severe than exist in 
ce. This enamel does not absorb moisture, as do 
ght inorganic films such as water glass, and organic 
made of cellulose paper; and it has such excellent 
ating properties that no supplementary insulation 
eded in the core. Its heat-resistant properties are so 
‘that it has been used successfully in special high- 
erature cores for small motors and generators in 
h silicone-insulated coils have been capitalized for 
ection in dimensions and weight. 


OVED FIELD COIL MATERIALS 


1e need for improvement of the mechanical strength 
Id coils in large turbine generators was recognized 
ifferent generator designers in this country and in 
ype at different times, depending upon their ex- 
mce with and observations of difficulties arising 
the thermal expansion of field coils in large 
lines, particularly machines which were frequently 
sed and started. There have long since been enough 
difficulties, resulting from distorted coils, grounds, 
short-circuited turns, so that the problem has been 
recognized, and quite well covered by previous 
les(4) te (7), However, for greater clarity, a brief 
ment of the problem is included. It was universal 
tice for many years to employ ordinary soft an- 


5. Close-up view of end portion of revolving field of turbine 
rator with retaining ring removed to show ends of field coils 
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nealed copper for the field coils of turbine generators. 
Large machines require rotating fields of great length 
and considerable diameter, subject to high centrifugal 
forces. The centrifugal forces tend to clamp the field 
coils against wedges carried in the solid-steel field body, 
in such a way as torestrain them at least partially against 
thermal expansion relative to the body. In normal oper- - 
ation, a machine is brought up to speed after a shut- 
down with the field winding and the field body at about 
equal temperature, possibly room temperature if the 
shutdown has been of considerable duration. When 
carrying load, the coils tend to expand considerably 
more than the field body, partly because of the differ- 
ence in temperature between the copper and steel cor- 
responding to the thermal drop through the insulation, 
and partly because of the higher coefficient of expansion 
of the copper as compared with the steel. As a result of 
this differential expansion’s being largely restrained 
by the friction imposed by centrifugal force, a consider- 
able compressive stress is built up in the coil material, 
which might easily exceed the elastic limit of the cop- 
per; or possibly the coil might tend to buckle in some 
way. Generally, the coil does not buckle, but instead 
the material may be upset in compression, in such a 
way that when the machine is shut down and allowed 
to cool off, the entire coil (or the warmer turns of the 
coil) contracts slightly, suffering a permanent plastic 
deformation. With successive cycles of service—start- 
ing, carrying load, and stopping—the coil or some of its 
turns would start each time from a new position, and 
would suffer progressive contraction, which in time may 
be enough to cause serious trouble. 

Two fairly obvious solutions to this problem were ap- 
parent: (1) to change the operating procedure in such a 
way as to expand the coils prior to their being clamped 
by centrifugal force; and (2) to produce field coils of 
sufficiently high mechanical strength to stand up under 
the compression stresses resulting from the restrained 
thermal expansion, without being upset, or suffering 
from creep or relaxation effects. Both of these proposed 
solutions have been studied at length, and have been 
proved to be effective. The first one which involves 
“preheating’’ of the field coils before the machine is 
brought to speed was the subject of a paper“ presented 
in 1944. Later experience with one of the very large 
generators referred to in that paper, which has been 
regularly preheated, has been very good. This machine 
had the largest two-pole rotor in the world, and was 
wound with coils made of soft copper. It has carried 
heavy loads and has been shut down frequently over a 
period of 6 or 7 years but has been preheated regularly 
on starting without suffering appreciable deformation 
of the coils. Previous experience with this machine with 
similar operation over a period of only two or three years 
without preheating resulted in severe deformation. It 
seems clear from this experience that preheating, 
properly carried out, is definitely beneficial. Preheating 
has been recommended on quite a number of other 
machines on which experience is being accumulated. 
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Also much analytical work has been carried out to in- 
terpret observations on these machines, and to help 
determine the best procedures. 

Improved mechanical strength of field coil material 
without appreciable sacrifice of electrical conductivity 
appeared to be a more generally acceptable solution to 
the expansion problem; and for this reason a broad re- 
. search program was initiated, in 1944, to explore the 
possibilities of adding various alloying elements to 
copper or to aluminum. Aluminum had been used to 
some extent in large 3600-rpm generators, but had 
proved to be more plastic than the soft annealed copper. 
With regard to copper, the beneficial effects of small 
fractional percentages of silver had been recognized by 
1940, and silver-bearing copper, so-called, was in regular 
use on large turbine generators. The silver helped the 
copper in two ways: first, by a marked increase in the 
rupture strength, as a function of sustained stress at a 
moderate temperature over extended periods of time; 
also the silver made a marked increase in the recrystali- 
zation or annealing temperature of the copper, so that 
the effect of moderate cold work in raising the yield 
strength of the copper would not be lost over a period 
of years at operating temperature. The research program 
was intended to search out other alloying elements which 
might be even better for copper-base field coils; and 
also to find some way to improve aluminum corres- 
pondingly. 

The work in the Research Laboratory was supple- 
mented by evaluation tests conducted by the Works 
Laboratory with active co-operation of Prof. M. F. Sayre 
of Union College. The apparatus used for these valua- 
tion tests is shown in Fic. 6. This includes a series of 
cylindrical ovens arranged to be heated automatically 
to temperatures in the range of 100 to 150 C, with auto- 
matic control for maintaining constant temperature as 
desired. The tests were run in compression, because the 
basic problem in the generator field was one of com- 
pression rather than tension, and we had reason to be- 
lieve that the compression properties were not necessar- 
ily the same as the tension properties. The technique 
of compression testing was distinctly novel, and was 
developed especially for this research program. Little 
emphasis has been given to the matter of creep or 
relaxation effects in previous papers on this subject. 
However, it seemed fairly clear that if alloyed conductor 
materials could be developed to have the required 
yield strength on a short-time basis, even though 
measured at operating temperature, nevertheless the 
compression stress resulting from the restrained ex- 
pansion in service at full load would be considerably 
higher than would be the case with soft conductor 
materials, so that over long periods of time creep or 
relaxation would surely be an important item. The tests 
as actually carried out, therefore, included room tem- 
perature stress-strain curves in compression, operating- 
temperature stress-strain curves, and compression 
creep tests. Altogether a great mass of data have been 
obtained, which were most valuable and informative. 
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As to the new materials which have come out of) 
research and development work, the evaluatio 
silver-bearing copper which was in use when th 
gram started has shown that it is an excellent and hi 
satisfactory material for use in even the largest mag 
under construction at present. Among the other ad 
ing elements which might be added to copper toy 
prove its properties, no others were found as goo! 
silver except cadmium which tests indicate woul 
somewhat better. It may be recalled that cadmiu mi 
used long years ago as a hardening alloy for ug 
trolley wires. The project for an improved alumit 
material appeared much more venturesome at th 
set, but has been richly rewarded. The metallurs 
story has been published.(® 

In brief, eleven different elements were tried ow 
additions to pure aluminum, and their effects mee 
as to conductivity and mechanical strength in the 
nealed and work-hardened conditions. None oft 4 
singly gave the answer. However, several gave maa 
advantages in some particular property. A combing 
of two chosen elements produced a triple alloy w 
turned out to give the results desired. In fact, its py 
erties are almost unbelievably good. This alloy ha 1 
given the name Cond-Al, meaning conductor alumi 
It contains small fractional percentages of iro | 
magnesium. This material has been used for rewins 
several old fields originally wound with soft alumin 
and one of these has been in service since Decer 
1949. The use of this material is expected to contrij 
significantly to the development of much larger 24 
rpm generators than have so far been ordered. 


IMPROVED MAGNETIC MATERIALS 
The rotors of large turbine generators are now alt 
universally made of solid-steel forgings. Other ty 
such as those consisting of plates bolted toget 
with laminations mounted on a through shaft, I 
practically disappeared. The development of these 1) 
forgings is quite a story in itself, the emphasis har 
been on obtaining the required high mechanical stre " 
in all parts and throughout very heavy sections. ” 
is done by (1) employing an alloy steel containing al 
2.5 to 3.0 percent nickel and usually a fractiona 
centage of molybdenum; often with some vanadium; 
(2) by giving the forging an elaborate heat treatm 
In general, only the physical properties havell 
included in the forging specifications. Neither the ch 
ical constituents nor the magnetic properties 
been specified. By actual analysis, the chemistry 
these large shaft forgings has been remarkably unif 
among the several suppliers. The magnetic propel 
for the most part have also been quite good and rea. 
ably uniform, although some exceptions have ocett 
in the past. About ten years ago two generator fi 
had to be replaced on account of excessive excita 
caused by poor magnetic properties. A long-term 
vestigation has been carried out since that time, 1 
the twin purposes of ees more consistent 1 
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properties and of improving the average level as 
as possible. The steel suppliers, and the Com- 
’s Works Laboratory and Research Laboratory 
co-operated in this investigation, which has 
essed rather slowly but surely in the right direc- 
Some of the findings are that the carbon and 
nium content of the forgings should be kept to a 
um, and that the heat treatment should be con- 
ed within certain limits. The results have been 
lent. No more cases of excessive excitation have 


6. Apparatus for compression testing of field coil conductor materials 
perating temperatures 


rred, and the average magnetic properties have im- 
ed appreciably, without sacrifice of mechanical 
gth. This permits some increase in the magnetic 
ng of the electrical design, since it usually is the 
‘ation of the rotor steel which limits the amount of 
il flux corresponding to the rated voltage of the 
rator. 

trasonic testing of the rotor forgings has been in 
ral use for three years, and has proved to be an ex- 
ngly valuable means for detecting internal flaws. 
other recent development is the application of 
ted-grain strip steel to the stator cores of turbine 
‘ators. At first thought, this might seem a mis- 
cation, on account of the fact that the principal 
tion of the flux path in the teeth is at right angles 
at in the outer portion of the core. This outer por- 
however, is quite massive in turbine generators, 
accounts for the major portion of the core loss. 
‘the cross-grain properties of good oriented-grain 
steel are comparable to the properties of the pre- 
standard hot-rolled sheet steel, both in losses and 
‘itation requirements. Consequently, a major gain 
ye made by arranging the grain in the circum- 
tial direction to favor the larger loss in the outer 
ym of the core, without prejudice to the tooth 
1. This arrangement was tried out on a 1250-kva 
generator in 1945 and’ thorough tests indicated a 
ed advantage. Since that time, oriented-grain 
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strip steel has been applied to progressively larger 
generators, of which about a dozen have been tested 
and put into service.* Factory facilities have been pro- 
vided for the higher-temperature annealing process te- 
quired for realization of the improved magnetic proper- 
ties, and the application of this new material is rapidly 
being extended to the largest sizes of turbine generators. 

There are two ways to use this strip steel to ad- 
vantage. Working it at previous magnetic’ densities 
brings about a handsome reduction in core loss, which 
has usually been the largest loss in hydrogen-cooled 
turbine generators. Or, by cutting down the radial 
depth of the outer part of the core, and working at 
higher magnetic densities, the weight and dimensions 
of the machine may be reduced appreciably. 

The latter alternative is of especial importance in 
very large machines in which the weight and dimensions 
of the stator are such as to crowd shipping limitations. 
On order are very large generators, of both four-pole 
and two-pole design, that would require a double frame 
with separate shipment of the inner frame with core 
and coils assembled, and the outer frame in two or 
three pieces, except for the advent of the new oriented- 
grain steel which makes it possible for them to be de- 
signed with a single stator frame arranged for complete 
assembly and test in the factory and shipment in one 
piece. It is expected that the use of oriented-grain strip 
steel will become general in turbine generators in the 
near future. 


INCREASINGLY LARGE 3600-RPM GENERATORS 


The phenomenal growth in capacity of 3600-rpm 
generators in the past 20 years has not come about be- 
cause of any inherent advantages over the well es- 
tablished 4-pole 1800-rpm machines. Actually, the 
higher-speed generators are somewhat bulkier, heavier, 
and less efficient, and are subject to quite a number of 
distinctive problems and limitations. The advantages 
of the 3600-rpm design are all to be found in the turbine 
end of the set, where the quest for ever higher thermal 
efficiency and over-all economy of. power production 
has led to continual increases in steam temperatures 
and pressures. To meet these modern steam conditions, 
it has been found both technically and economically 
necessary to use the highest feasible speed of rotation, 
which permits minimum diameters of turbine shells 
and minimum numbers of stages. The production of 
increasingly large high-speed generators to go with these 
turbines has been an intensely interesting development. 

In extending the rated capacity of 3600-rpm genera- 
tors from about 12,500 kva in 1929 to over 125,000 kva 
in 1950 with much further progress in sight—a great 
many problems have had to be solved, some of which 
have been touched upon earlier in this article. Hydrogen 
cooling was a basic innovation; without it and the other 


*T he initial developmental work of applying grain-oriented strip to turbine 
generators, including building and testing these first generators, has been car- 
ried out by the Thomson Laboratory and the Generator Engineering Division 
at Lynn (Mass.). The details of this development are described in a technical 
paper submitted to the AIEE in January 1951, entitled “The Use of Preferred 
Oriéntation Strip Steel in Turbine Generator Stators, by. N. Apperson, 
Thomson Laboratory, and C. B. Fontaine, Generator Engineering Division, 
Lynn. 
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Fig. 7. Chart showing increase in rating of 3600- and 1800-rpm turbine 


generators since 1910 


improvements in ventilation, modern generators of 
large output would hardly be feasible. Various mechan- 
ical improvements, particularly the means for elimi- 
nating double-frequency vibration, have also been a 
practical necessity. Other basic improvements have been 
made in field-coil materials which resist thermal dis- 
tortion, and in the magnetic materials of both rotor and 
stator, as well as in insulations. All of these are essential 
for the large machines now being built, and the larger 
ones to come. However, the old and long-familiar limi- 
tations of dimensions are still present : namely, the limi- 
tation of rotor diameter by centrifugal stresses, of rotor 
length by vibrational considerations (critical speed), 
of stator diameter by shipping clearances, and of weight 
of stator by railroad-car capacity. Means have been 
found in many ways to overcome these limitations 
somewhat, or to increase generator capacity in spite of 
them. 


Rotor diameters for 3600-rpm generators have been 


increased greatly by taking advantage of increased 
strength and uniformity of forgings and of improved 
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caps which carry the end portions of the field ce 
The retaining rings are a major limitation, as in am 


stress may be 65 to 75 percent due to the weight of 
rings themselves and only 25 to 35 percent due Ay 


useful coil load they carry. In such a case, a surprisimi 


to be reduced to zero, as the limiting stress wouldg 
reached in the component due to the ring itself. In t 
connection, a major gain is made possible by the dey 
opment of Cond-Al, which is the aluminum alloy f¢ 
viously referred to and which has both good electri 
conductivity and excellent mechanical strane 


creep resistance. 

Rotor lengths have also increased greatly, event 
relation to the larger diameters now found possili 
and this has come about by a whole series of devel! 
ments, including ventilation, conductor materials, 
research on vibration and balancing technique. 1 
haustive studies have been made on the critical 
more properly resonance, speeds of generator shaq 
including observations on many machines in servi 
tests on dozens of scale setups, and the developme 
of improved analytical methods. As a result, a 
better understanding has been obtained of the vibé 
tional characteristics of long high-speed rotors, a 
techniques have been developed to insure that t 
can be well balanced and will run smoothly—ew 
better than the standards of operation which we 


acceptable on the smaller machines of the past. : 

The diameter and weight limitations on the B | 
are fixed by shipping clearances and weight limits. ] 
the 1920’s, these were overcome, in the case of ve 
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Fig. 8. Turbine generator 
rated 111,765 kva, 3600- \ 
\tpm, 15 psig hydrogen ; 
. pressure, in service since 4 
December, 1947 sce - 


i 
February, ; 


© 1500 and 1800-rpm air-cooled generators, by : 


ble-frame designs; the inner frame, carrying the 
-and coils, being shipped in one piece, while the 
r frame was subdivided for shipment. This double- 
1¢ construction we have not so far found neces- 
‘for generators designed for hydrogen cooling—even 
© 183,333 kva 1800 rpm—although it may be used 
1 for very large machines. Its use has been contem- 
ed recently, but has been postponed by the in- 
luction of oriented-grain strip steel for the stator 
, aS mentioned previously. 


IG. 7 shows the increase in the basic kva rating of 
J-rpm generators, both air-cooled and hydrogen- 
ed, over the years since 1910. For comparison, 
2 are also included on 1800-rpm generators. The 
> scale shows the year in which these machines 
e ordered; and the rating scale indicates the name- 
e kva rating, which in the case of hydrogen-cooled 
shines is based on 0.5 psi hydrogen pressure. Starting 
ut 1939, advantage was taken of the improved cool- 
effect obtained by increasing hydrogen pressure to 
ysi gage, for which a 15 percent increase in capacity 


obtained. And in-1945 a further increase was re-> 


aized for pressures up to 25 or 30 psi. This subject of 
eased capacity of hydrogen-cooled generators as a 
stion of gas pressure has been previously presented. 
ill be observed that a tremendous jump in the ca- 
ity of 3600-rpm generators took place in 1935 and 
5, with the advent of high-pressure high-temperature 
yines, and hydrogen cooling for the generators. The 
est air-cooled generator for 3600-rpm was a 50,000- 
“machine ordered in 1936. In the past five years 
ther series of large steps has been taken, and the 
is not nearly in sight, as design studies and even 
ative quotations have been made on 3600-rpm 
ines of 180,000-kva base rating. 

he first 100,000-kva 3600-rpm generator, which is 
wn in Fic. 7 as ordered in 1945, actually went into 


‘Fig. 9. Longitudinal .sec- 
_ tion of 111,765-kva gen- 
erator shown in Fig. 8 
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service in December 1947, at the Essex Station of the 
Public Service Electric and Gas Co. of New Jersey, 
near Newark. A photograph of this machine is shown 
in Fic. 8. This machine was actually given a special 
nameplate rating at 15-psi gas pressure (111,765 kva, 
0.85 pf, 95,000 kw, 13,000 volts with a special short- 
circuit ratio) which is equivalent to the 100,000-kva 
0.8-pf standard rating at 0.5 psi, and the same design 
has been used for this rating. The operation of this 
machine has been eminently satisfactory, as it runs 
smoothly and both armature and field windings are 
remarkably cool. 


That pioneer 100,000-kva 3600-rpm machine has 
been followed by many others of the same or equivalent 
rating, and 9 of them are now in service, with 12 more 
on order. Fic. 9 shows a longitudinal section through 
this machine. A similar generator of somewhat greater 
length was designed for 112,500 kva and orders have 
been received for nine of these machines. The first of 
these was for the new Yates Station of the Georgia 
Power Co., near Newnan (Ga.) and went into service 
in September 1950. Its rating is 111,111 kva, 100,000 ~ 
kw, 0.9 pf. The others of this size are in process of 
manufacture, shipment, or erection. In 1948 a still 
larger generator of similar design was ordered by the 
Public Service Company of Northern Illinois for its 
Waukegan Station, being rated 129,412 kva, 110,000 
kw, 0.85 pf. This machine is now nearing completion 
in the factory and is expected to be installed in 1951. 
Six others of equivalent rating are on order. 

All of those machines rated 100,000 kva and above 
have been designed with one-piece stator construction, 
and have been or will be completely assembled and 
tested at the-factory. The dimensions and weight of 
the finished stators have been such as to tax the limi- 
tations of railway shipment facilities, and there are 
spots in this country where great difficulty would be 
encountered in delivering so large a machine. The COVER 
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shows one of these machines being hauled over the 
highway at the end of its transcontinental train trip 
for installation near San Francisco in Station “P”’ of 
the Pacific Gas and Electric Company. 


The largest 3600-rpm generator on order as of 
October 1, 1950 has a 147,000-kva, 125,000 kw, 0.85-pf 
rating and is for the Philadelphia Electric Co., the 
order for which was placed in the spring of 1950. At 
the time this machine was quoted, the preliminary 
design was based on double-frame construction with 
shipment to be made disassembled. However, further 
design studies, capitalizing the advantages of oriented- 
grain strip steel, have resulted in the abandonment 
of the double-frame feature for this machine, as it has 
been found possible to build it closely within the 
weight and dimensional limits of the Waukegan gen- 
erator. Another feature of this Philadelphia machine 
is of special interest: its output is to be transmitted at 
the generator voltage of 13,800 volts. So large a kva 
rating at this voltage runs the current capacity up to 
an unprecedentedly high value, 6150 amp per phase 
at base rating. In view of the inherent limitation of 
armature windings for two-pole generators to not more 
than two parallel circuits per phase, and in view of 
the fact that delta-connected armature windings have 
been generally unacceptable, the current to be carried 
by each coil is required to be 3075 amp at nameplate 
rating, and proportionately more with increased hydro- 
gen pressure. This is about 20 percent above past 
experience. An armature coil for such heavy current 
must be of distinctly special design. It necessarily 
requires wide, deep slots in the stator core, so wide 
that the conventional 2-wire wide Roebel transposition 
bar is not practical on account of the extreme width 
of the conductors, particularly as the depth required 
is so great as to require unusually fine stranding of the 
conductors. A practical solution has been found by 
employing a special 4-wire wide Roebel transposed bar. 
This bar is unusually heavy, and may prove to be rather 
expensive, but should be entirely practical. The two 
parallel circuits of the armature winding are brought 
out through separate sets of bushings at opposite ends 
of the stator, and are to be permanently paralleled 
externally. 


For optimum generator design as well as for best 


economy for handling the output current in the power - 


station, it seems that generator voltages for 3600-rpm 
machines larger than 112,500 kva should be increased 
above the long-established standard voltage, 13,800 
volts. (Also there are advantages in raising the excitation 
voltage from 250 to 3875 volts.) The actual armature 
voltage to be chosen is subject to some adjustment, 
but in general should be higher as the kva rating is 
increased. In case of special requirements as at Phila- 
delphia, special designs can be developed; but it is 
felt that, in general, over-all economy can best be 
served by employing higher voltages up to as high as 
20 or 22 kv for the largest ratings. In this connection 
it might be well to point out that 8 large generators in 
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the Chicago area have been in service for about 7 
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years running at 22 kv, and have given a good ace 
for themselves. In view of this experience and the 
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ECTROLYTIC CORROSION OF METALS 


This is a factor that the designer must not overlook when selecting mate- 
rials. The electromotive series provides a guide in choosing materials 
that will not give rise to electrolytic corrosion, but it must be supple- 
mented by knowledge of what conditions may introduce exceptions 


By A. E. DURKIN 


Thomson Laboratory, General Electric Company 


West Lynn, Mass. 


HEN designing new equipment, important con- 
sideration should be given to the selection of such 
erials that the part. will operate in service without 
ig adversely affected by ordinary corrosive at- 
spheres. 
f dissimilar metals are used in the design, and the 
t is operated in or even subjected to the atmosphere, 
fe is a possibility that localized pitting and corrosion 
result. This condition is known as electrolytic 
osion and is governed largely by the positions of 
materials in what is called the Electromotive 
es. This series lists the order in which elements and 
als can replace others from solution. When any 
‘dissimilar metals in this series are in contact in a 
able electrolyte, a cell is set up in which the metal 
; is higher in the series is the negative pole and the 
sr one the positive pole. The farther apart the 
als are in the series, the greater the potential 
srence between them and the higher the corrosion 


he higher, or more anodic, metals in the series are 
resistant to corrosion than the lower or cathodic 
als. Therefore, accelerated action takes place at 
former, while decreased activity takes place at 
latter. The anode may be defined as the negative 
in a battery or the positive electrode of a solution 
n electrolyte through which current is being forced, 
t may be described as the electrode at which an 
lation process takes place. While each metal dis- 
es from solution those that are below it in the 
ss, the metals’ position in the series is not always 
lute because ion concentration modifies the effec- 
potential between two metals in contact with the 
tion. There is, however, little likelihood that two 
als far apart in the series will reverse potentials, 
this may take place between two metals close 
ther. 

n example of localized electrolytic corrosion is 
trated in Fic. 1. At the right is shown the shaft 
1 a six-stage boiler-feed pump after three months of 
ation. It will be seen that the outboard end (area 
s badly pitted. On this end, a series of graphite- 
‘egnated pump packings was in contact under 
sure with the 440 type stainless-steel shaft. When 
————— 


3 article is so paged that, without mutilating ‘other articles, it can be 
y removed for filing as a group of full-size consecutive pages. EDITOR 


uary, 1951 


GENERAL ELECTRIC REVIEW 


ad 
G2 Gan 6) hem 


the packing failed during operation, the shaft was 
removed and the pitted condition was revealed. The 
inboard end (area A plus B) showed no corrosion 
when the shaft was removed as no packings had been in 
contact with those areas. 

To duplicate the corrosion in the Laboratory, a 
packing ring was placed on the area A, and the area C 
was masked with a suitable stop-off paint to prevent 


Fig. 1. <A graphite-impregnated packing ring and an example of elec- 
trolytic corrosion of a steel shaft resulting from contact with such rings 
over the areas A and C 


its being further pitted while the shaft was being sub- 
jected to a 316-hr salt-spray test. Area B was ex- 
posed during the test. As will be seen, corrosion took 
place in area A but none in area B (where no packing 
was in contact with the shaft). It may be noted that 
while the corrosion in the Laboratory test is more 
severe, it is, nevertheless, similar in nature to that 
which resulted in service operation. If the pitting of 
future shafts is to be eliminated, a different type of 
packing must be used in the assembly. The reasons for 
this substitution will become evident later. 

A more severe example of electrolytic corrosion is 
illustrated in Fic. 2. This shows two views of two 
magnesium parts after less than 100 hr in a 20 percent 
salt-spray test. The part at the left was dichromate 
treated with Dow No. 7, was primed and finished with 
organic topcoats, and the cadmium-plated hardware 
was attached prior to testing. The part on the right 
was unprotected other than by the dichromate treat- 
ment. While the two parts were subjected to the same 
test conditions simultaneously, it will be noted that 
the cadmium-plated hardware has fallen off completely 
in several areas on the right-hand part while the same 
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TABLE I 


THE ELECTROMOTIVE SERIES 


Anopic ENp 


Lithium (—2.959 v) 
Rubidium 
Potassium (—2.92 v) 
Strontium 
Barium — 
Calcium (—2.7 v) 
Sodium (—2.71 v) 
Magnesium and its Alloys (—1.55 v) 
Aluminum (—1.33 v) 
Beryllium 
Uranium 
Manganese 
Tellurium 
Zine (—0.76 v) 
Chromium (—0.56 v). 
Sulfur 
Gallium 
Iron (Fe**+) (—0.44 v) 
Galvanized Steel (‘) 
Galvanized Wrought Iron | 
Al-Zn-Mg Alloys (eg: Al-758) ()(*) 
Al-High Mg. Alloys (eg: Al-220) 
(A)Al-Low Mg. Alloys (eg: A1-45S) 
Aluminum plus very low percentage of alloying Con- 
stituents (eg: Al-53S) 
Alclads 
Cadmium (—0.40 v) 
Al-Si-Mg Alloys (eg: Al-356) 
Al-Cu Alloys (with or without small additions of Mg) (eg: Al-24S) 
Al-Cu Alloys (with or without small additions of Zn) (eg: Al-113) 
Al-Cu-Si Alloys (eg: Al-108) 
Mild Steel 
Copper Steel 
S.A.E. 4140 
S.A.E. 3140 
Wrought Iron 
Cast Iron 
4-6% Chromium Steel, Type 501 or 502 (4) (Active) 
12-14% Chromium Steel, Types 408, 410, 416 (Active) 
16-18% Chromium Steel, Type 440 (Active) 
23-30% Chromium Steel, Type 446 (Active) 
Indium (°) 
Thallium 
Cobalt (—0.28 v) 
Ni-Resist Cast Iron 
50-50 Lead Tin Solder 
17% Cr-7% Ni Steel, Type 301 (Active) 
18% Cr-8% Ni Steel, Types 302, 303, 304, 321, 347 (Active) 
23% Cr-14% Ni Steel, Type 309 (Active) 
25% Cr-20% Ni Steel, Type 310 (Active) 
18% Cr-12% Ni-3% Mo Steel, Type 316 (Active) 
Hastelloy “C” (59% Ni, 17% Mo, 5% Fe, 14.6 Cr, 5% W, 0.1% C) 
- Lead (—0.12 v) 


Hydrogen (0.00 v) 
Antimony 
Bismuth 
Arsenic 
Muntz Metal (60% Cu, 40% Zn) (°) 
Manganese Bronze (66.5% Cu, 19% Zn, 6% Al, 4% Mn) 
Naval Brass (Add. of 34% Sn to Muntz Metal) 
Nickel (Active) ; 
60% Ni-15% Cr (Active) 
Inconel (78% Ni, 13.5% Cr, 6% Fe) (Active) 
(B)80% Ni-20% Cr (Active) 
Hastelloy “A” (60% Ni, 20% Ni, 20% Mo, 20% Fe, 0.1% Cy 
Hastelloy “B” (65% Ni, 30% Mo, 5% Fe, 0.1% C) 
Yellow Brass (58-70% Cu, 0.50-1.5% Sn, 0.75-3.5% Pb, 
Balance Zn) 
Admiralty Brass (71% Cu, 28% Zn, 1% Sn) 
Aluminum Bronze (Add. of 2144% Al to 75% Cu-25% Zn Allo 
Red Brass (85% Cu, 15% Zn) 
Copper (-ic) (+0.522 v) 
Oxygen 
Polonium (+0.34 v) 
Copper (-ous) (+0.52 v) 
Iodine 
Tellurium (Tet+++) 
Silicon Bronze (1.0 to 3.0% Si) (7) 
Nickel-Silver 
Ambrac (5.0% Zn, 20% Ni, Balance Cu) 
70% Cu-30% Ni 
Comp. G-Bronze (88% Cu, 2% Zn, 10% Sn) 
Comp. M-Bronze (88% Cu, 3% Zn, 6.5% Sn, 1.5% Pb) 
Silver Solder 
Nickel (Passive) 
60% Ni-15% Cr (Passive) 
Inconel (Passive) 
80% Ni-20% Cr (Passive) 
(C) Titanium 
Monel (70% Ni, 30% Cu) 
. {12-14% Cr Steel, Types 403, 410, 416 (Passive) 
16-18% Cr Steel, Type 440 (Passive) 
17% Cr-7% Ni Steel Type 301 (Passive) | 
18% Cr-8% Ni Steel, Types 302, 303, 304, 321, 347 (Passive) | 
23% Cr-14% Ni Steel, Type 309 (Passive) 
23-30% Chromium Steel, Type 446 (Passive) 
25% Cr-20% Ni Steel, Type 310 (Passive) 
18% Cr-12% Ni-3% Mo Steel, Type 316 (Passive) 
Mercury (+0.85 v) : 
Silver (-++0.80) 
Lead (Pbtt++) 
Palladium 
Bromine 
Chlorine (+1.36 v) 
Graphite (8) 
Gold (-ic) (+1.3 v) 


Tin Gold (-ous) 
Iron (Fett*) Platinum 
Fluorine 
CatHopic Enp 
Notes 


() 


(2) 
@) 


heat treatment. 


(4) 

(5) Indium, thallium, and cobalt are listed relative to each other, 
tween aluminum and lead. 

(6) The members of Group (B) are listed relative to each other, but the 
ever, properly placed between tin and copper, 

(7) The members of Group (C) are listed relative to each other, 
However, the group is properly placed between copper and silver. 

(8) Graphite lies between lead and gold but its position relative to palladium, 


46 


Members of Group (A) are listed relative to each other, but the position of the 
certain. The group, however, is listed correctly between zinc and cadmium. 

Aluminum types are the standard designations of the Aluminum Co. of America. 
The heat treatment of aluminum and its alloys has an effect upon their galvanic potentials. They fall in the aluminum group, however, regardless o 


Stainless Steel types are standard American Iron and Steel Institute designations. 
but their position relative to the stainless steels is uncertain. They are properly placed 


position of the group relative to ferric iron to arsenic is uncertain, The group is, 


but the position of this group with respect to iodine, tellurium, and mercury is uncertai 
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group with respect to the group between chromium and ferrous iron i 


bromine, and chlorine is uncertain. 
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as on the left-hand part are relatively unaffected. 
arrows show the pits as well as the areas to which 
hardware was attached prior to the test. As is 
wn, the insulating paint films on the part at the 
; has prevented electrolytic action, while the right- 
a part has disintegrated. 
Phe tendency of a metal to corrode can be measured 
calculated by the potential at any time between the 
tal and its ions in solutions. The value of the poten- 
Lis measured against a standard electrode, such as 
hydrogen electrode. The values obtained depend, 
tefore, upon the metal itself and the solution in which 


Another example of localized electrolytic corrosion, this of 


ge 2. 
agnesium parts with cadmium-plated hardware when subjected to salt- 
ray tests. At the left: two views of a part that had been amply protected 
‘ainst corrosion: at the right, two views of a duplicate part that had not 
en sufficiently protected. 


s measured. By making the potential measurements 
he metal in a solution of its own salts which contains 
sandard concentration of the metal ions, the metal’s 
ition in the electromotive series is determined. 

‘he Electromotive Series shown in Table I was 
ipiled to include the common types of alloys as 
l as the metals from which engineering groups must 
ct materials for the design and manufacture of their 
ducts. This table is not absolute, as has been men- 
ed, but it is a guide in determining how safely 
) metals can be used in contact with each other. 
djacent to some metals are their potentials. No 
mpt has been made to complete the potentials of 
the metals and elements shown. The few shown are 
reference purposes only. Hydrogen as shown is the 
rence point. In interpreting the table, it is necessary 
have an understanding of some of the conditions 
ch may modify the action of a metal. 

‘eference is now made to active and passive metals 
he table. A passive metal is one on which a thin film 
ns and prevents the metal from dissolving in its 
ironment. These thin adherent films depress the 
sntial and make the metal more noble. A noble 
al is one which shows little tendency to combine 
1 other substances. An example of a noble metal is 
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gold. One definition of passivity, according to H. H. 
Uhlig, is: “A metal active in the Electromotive Series, 
or an alloy composed of such metals is considered 
passive when its electrochemical behavior becomes that 
of an appreciably less active or noble metal.” 

Passivity is usually produced by the metal’s being in 
contact with oxidizing agents. Its passivity may be 
lost if it then comes in contact with a reducing solution, 
or it may be passive if it is the anode in a cell of high 
current density. Passivity may be retained by a metal 
even after the metal is removed from the passivating 
medium. However, the passivity is lost in time and 
the metal reverts to its original state. The position of 
a passive metal in the series is so changed that it is 
cathodic to a piece of the same metal which is in an 
active condition. 

Surface conditions such as oxides, gas films, or other 
passive films often cause deviations from standard 
potentials. For example, the resistance of attack of 
pure aluminum is due to the formation of a closely 
adhering impervious layer of oxide which slows, and 
finally stops, further oxidation. The method of surface 
treatment of metals has a pronounced effect upon the 
potential. Electropolished steel is anodic to emery- 
abraded steel, which is anodic in turn to sandblasted 
steel. Similar differences have been noticed for nickel. 

Some metals in the series are listed as being both 
active and passive, depending upon the conditions. If 
in doubt as to whether an active-passive metal will be 
active or passive, assume that it will be active if its 
area is relatively small in respect to the other metal, 
and passive if its area is large. 

An important consideration in making corrosion 
predictions is the relative areas of the anodic and 
cathodic metals. In solutions in which the potential 
of the cathode changes (polarizes) as a result of current 
flow, but the anode does not polarize, the current flow 
is proportional to the relative cathodic area. If the 
area of the cathode is reduced by half, the total galvanic 
corrosion of the anode will be reduced by half. If the 
area of the anode is either doubled or reduced by half, 
the galvanic weight loss of the anode will remain un- 
changed, but the intensity of the attack will increase 
with decreasing anodic area. If the anode polarizes but 
not the cathode, the reverse holds true. The noble 
metal should have a smaller area than the anodic 
metal because the latter is subject to attack. 

Electrolytic corrosion usually occurs as localized 
attack near the areas of contact and may result in 
rapid failure though little corrosion is found elsewhere. 
The use of a combination of metals close together in 
the series will minimize the danger of electrolytic 
corrosion. Cathodic protection involving an impressed 
potential and similar potential methods of minimizing 
corrosion can be successful only if the electromotive 
series is properly interpreted. Insulation of the metals 
from each other at areas of contact is also successful 
in preventing electrolytic corrosion. For such insulat- 
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ILSCO COPPER TUBE & PRODUCTS, INC. 


5748 Mariemont Ave. CINCINNATI 27, OHIO 


SPECIALISTS IN 
GOVERNMENT ‘SPECS’ — 
Offer Help to Manufacturers 


Long experience with 
the ever - increasing, 
constantly changing 
government _ specifica- 
tions for electrical and 
electronic components 
has gained the Cam- 
bridge Thermionic Cor- 
poration wide accept- 
ance as a supplier to 
manufacturers working 
on U.S. contracts — es- 
pecially for the armed forces. With facilities for 
furnishing components in production quantitiesC.T.C. 
meets the most exacting government standards for 
materials, tolerances, finishes, moisture prevention, 
anti-fungus treatment and similar requirements. 

Terminal board assemblies, plain and insulated ter- 
minals, coil assemblies, coil forms, hardware and other 
components are furnished guaranteed to meet govern- 
ment specifications. ’ 

C.T.C. also invites inquiries concerning its engi- 
neering service — a staff of experts available for con- 
sultation on your component problems. This service is 
without charge. 


CAMBRIDGE THERMIONIC CORP. 
462 Concord Ave., Cambridge 38, Mass. 
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ELECTROLYTIC CORROSION OF METALS if 
(Continued from preceding pag 


ing purposes, proper surface treatment plus a suitabs 
coat of paint or heavy caulking compound or a suitab; 
gasket material should be used. . 

The writer wishes to express his appreciation t 
Carroll Seversike of the Chemical and Metallurgice 
Program for his assistance in preparing this article. we 
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Greenohms, those tougher cement-coat ee 
power resistors, are offered in q 
widest range of terminals and mount 
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Anaerobic Permafil 


A material has been developed which 
nains liquid as long as a stream of air 
bbles through it, but which hardens 
a few minutes when away from air. 
properties are opposite to those of paint, 
ich hardens when exposed to air. 
Since this new material is able to pene- 
te extremely small cracks before hard- 
ng, a possible application is a tight 
I for stopping nearly invisible leaks, or a 
ipe dope” for sealing threaded unions. 
Ualled ‘‘anaerobic permafil,” the sub- 
nce is the latest in a series of related 
npounds which originally were called 
ilventless varnishes.” Ordinary var- 
hes contain some solid resin dissolved 
a liquid solvent. When applied to a 
face the solvent evaporates and the 
‘nish remains as a hard layer. Anaerobic 
‘mafil remains liquid as long as it is 
ated. When away from air it solidifies 
ickly, without heating or addition of 
alysts and accelerators. 

When two metal strips are coated lightly 
th it and clamped together, the joint 
] support ten pounds after ten minutes. 
er 20 hours, it will hold 100 lb. If still 
ter hardening is desired, the permafil 
yy be heated, up to 212 F; solidification 
n takes place in a minute or less. 

Jne proposed use of anaerobic permafil 
in eliminating the lock nut needed to 
d another nut tightly on a bolt. A few 
yps placed on the threads of the bolt 
t before the nut is screwed on harden 
tightly that very considerable force is 
uired to remove the nut. Another use is 
sealing against leaks. The permafil may 
applied to threaded joints in pipes, 


ere the liquid penetrates into the - 


vices and then hardens. Also, if painted 
porous castings, it enters the pores and 
ders the casting airtight. 

Anaerobic permafil is still the subject 
sxperimental investigation. It is not yet 
lable commercially. 
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Portable Concrete Plant 


One of the few portable aggregate and 
batch plants in the United States is being 
operated at Newman (Cal.) The plant 
has a capacity of 245 tons of specification 
aggregate per hour, and is so designed 
and constructed that it can be disassem- 
bled and moved to new job locations. 

Originally built to supply highway pav- 
ing aggregate, the plant was moved to 


This aggregate and batch 
plant can be disassembled and 
moved to new job locations 


Westly (Cal.) in 1946 to produce ag- 
gregate for the Delta-Mendota Canal. It 
was then moved to its present site near 
Newman, a distance of about 20 miles, 
where it was assembled and in operation 
in ten days. 

The batch plant has supplied aggregate 
for over 45 miles of the Delta-Mendota 
Canal which, when completed, will supply 
the San Joaquin Valley with additional 
water for irrigation. 

The motors on this installation range 
from 714-hp speed reducers which drive 
the conveyor belts at various stages of the 
process, to a 150-hp motor which operates 
a rock crusher at the beginning of the 
conveyor system. In addition to the motors 


Anaerobic permafil, which 
hardens when kept away from 
air, is applied here to the 
threads of a bolt for demon- 
stration 
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that drive the conveyors and other 
machinery, a 75-hp vertical motor oper- 
ates a deep-well pump supplying the 
plant with water. 


When operations at Newman have been 
completed, the plant is scheduled to be 
disassembled and shipped to Yuma (Ariz.), 
where it will be reassembled to produce 
aggregate for the new Welton-Mohawk 
Canal. 


Ten Turbine-electrics 


The first order has been placed for gas 
turbine-electric locomotives—the newest 
form of rail motive power. Similar to the 
4500-hp unit that has been undergoing 
test on regular freight runs for the last 
year and a half, the ten compact and 
powerful new locomotives will be assigned 
to freight service and will permit fuller 
evaluation of their potentialities under a 
wider variety of operating conditions. 


Largest Self-unloader Bulk 
Carrier 


Propulsion and conveyor equipment is 
being built for the largest self-unloader 
ore carrier on the Great Lakes. 


Designed to unload 5000 tons of lime- 
stone an hour, the conveyor system will 
utilize two 200-hp hold conveyor motors, 
two 200-hp elevator motors, and two 250- 
hp boom conveyor motors. The unloading 
thus achieved will be greater than on any 
other self-unloader now in service. 


The propulsion equipment will include 
one 7000-hp cross-compound, double- 
reduction turbine-gear set. The design 
steam conditions will be 450 psig, 750 F, 
with exhaust to 28.5 in Hg vacuum. In 
port, two 600-kw turbine-generator ship’s 
service sets will power the conveyor system. 


The new ship will be completed for 
regular service for the season of 1952. 
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neW PRODUCTS: 


Scale Thickness Indicator 


A boiler tube scale thickness indicator for 
measuring the thickness of scale or other 
deposits on the inside of boiler tubes, water- 
wall tubes, or other straight or bent tubes 
or ducts of circular cross section. The in- 
strument works on the magnetic-induction 
principle and is independent of the material 
composition of the deposit. It determines the 
results of feed-water treatment without un- 
certainties and long delays. Steel tape ex- 
tends the electro-magnetic probe head down 
the boiler or water-wall tube from the upper 
header or drum by one person while another 
records the scale thickness for each foot of 
travel.—Haskins Turner Co., 1617 Third St., 
Jackson, Michigan. 


Multiple Unit Signal 


The Panalarm back-lighted multiple unit 
signal for use as a trouble signal in process 
industries and power plants to detect off- 
normal operation of almost any type of 
equipment. The hermetically sealed signal 
combines signal lights and relay to form a 
single unit that plugs into a universal 
chassis, making it easy both to install and 
service. A simple but effective lock-in 
arrangement consists of a locking stud which 
fastens to the chassis and extends through a 
hole in the signal unit; a thumbnut screws 
over the end of the stud, holding the unit 
tightly in place. Designation plates for each 
signal are printed to identify each process or 
piece of equipment and the condition exist- 
ing when the alarm sounds.—Panalarm 
Products Co., 7218 No. Clark St., Chicago 26, 
Til. 


Resistor 


A boro-carbofilm resistor to fill the need 
for an increased range of resistance as well 
as a lower temperature coefficient. It 
possesses stability and has a low noise level. 
With their slow aging and low temperature 
coefficient of 20 parts per million per deg C, 
the resistors are advantageous for high- 
frequency communications and electronic 
applications. They are offered in l4-, 14-, 
ly-, 1-, and 2-watt sizes —Wialkor Products, 
Inc., 2882 Detroit Ave., Cleveland 18, Ohio. 


Base and Sockets 


The Alden ‘‘20” noninterchangeable base 
and sockets, an addition to their line of 
plug-in components. Its scope for mounting 
electronic components includes open and 
shielded units, relays, filters, terminal cards 
for wiring complete assemblies, etc. Design 
of the base eliminates many of the difficulties 
encountered with conventional type bases. 
There is no molded center boss to break; 
pins are strong and stubby, do not bend or 
break out; and by selecting variations of 
pin layout of less than 20 pins, critical volt- 
ages and frequencies can be isolated and the 
base made noninterchangeable, permitting 
it to mate only with correct socket.—Alden 
Products Co., 117 N. Main St., Brockton, 
Mass. 


Press 


A 40-ton cam-operated S-5 powder-metal 
press for the production of electric motor, 
radio, and television parts; machine parts; 
cemented carbides; porous bearings; and 
other powder-metal pieces. A single hand- 
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Multiple Unit Signal 


Variable Capacitors 


Resistor 


Pollution T est Unit 
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AND WHAT THEIR MAKERS 
HAVE TO SAY ABOUT THEM 


wheel adjustment sets the machine for ¢ 
proper compression level of the lower pune 
automatically taking care of the ejectit 
level by this single setting. The plun 
spring pulldown is low, eliminating 
tendency for the lower punch to hang i 
die. The main lower plunger is provided 
a guide pin and bracket to prevent it fra 
twisting under compression. The upp 
punch assembly has been modified to 
plify set-up. To afford more perfect a 
ment a clamp ring is used instead of 
nut. This modification has been so desig 
that punches and dies are interchang 
with former models. The press can be us 
for sizing or coining, as well as for formi 
through the use of a special attachmem 
—F. J. Stokes Machine Co., 5900 Tabi 
Road, Philadelphia 20, Pa. 


Variable Capacitors 


Piston-type l-in. long variable trina 
capacitors provide the minimum capaciti¢ 
needed for accurate and stable electroni 
adjustments. Smooth, precise settings t 
out backlash or disturbance from sever 
vibrations are made and maintained. € 
tubular design, they deliver continual] 
uniform change in capacitance in relation t 
rotation. Features include: approximate 
zero temperature coefficient; ‘‘Q” rating | 
over 1000 at 1 mc; 55 to 100 C operatin: 
temperature; 10,000 megohms insulatio, 
resistance; single-unit movable electrode 
and a special alloy adjustment screw.—J FA 
Manufacturing Co., Inc., 6101-6128 Sixteentt 
Ave., Brooklyn 4, N. Y. 


Demagnetizer 


An improved design of demagneti 
coil, highly effective in demagnetizing ma 
terials and stabilizing magnetic flux. Ai 
unshielded magnetically soft material, i 
cluding forms of iron and steel, can be 
magnetized by this instrument. It can a 
be used to eliminate undesirable magne’ 
flux from tools, drills, punches, small arms 
and any machined parts. The instru 
consists of an air-core coil built in a fram 
which can be mounted on table or ben 
The coil is rated 115 volts, 60 cycles, ane 
is equipped with switch, pilot lamp, andi 
flexible lead fitted with standard plug. Thi 
rectangular opening 4144 by 8) in. accom! 
modates stock up to 8 in. wide.—Spect 
Products Division, General Electric 
Schenectady 5, N. Y. 


fi 


Pollution Test Unit 


A simple and inexpensive activated! 
carbon gas-and-vapor adsorber for deter: 
mining atmospheric pollution. The collect- 
ing device consists essentially of dual per- 
forated activated-carbon-filled canisters 
sembled integrally with a motor-driven 
blower. It is so designed that 40 cfm oJ 
contaminated air can be drawn through ¢ 
continuous uniformly dense 0.7 in. thi 
layer of 6-14 mesh granular activatec 
carbon at a linear velocity of 25 fpm. By 
operating in a contaminated atmosphere 
for a given time, the volume of air that ha: 
passed through the carbon is known. Like: 
wise, the adsorbable impurities entrained it 
that air will be collected by the carbon 
Cannisters are then separated, sealed, anc 
returned to laboratory for reactivation.— 
W. B. Connor Engineering Corp., Shelte 
Rock Lane, Danbury, Conn. 
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TRADE LITERATURE 


MATIC CONTROLS—Briefly outlines 
sand applications of automatic con- 
in heating, ventilating, and air-con- 
hing systems for the architect and 
leer who specify, the contractor who 
lls, and the owner who ultimately buys 
quipment. Cartoon-like sketches high- 
the text. Titled ‘The Control Story.’’ 
aty-four pages.—Barber Colman Co., 
ford, Illinois. 


RTS AND SCALES—A handsomely de- 
id educational brochure containing a 
jlete fund of information relative to 
1eer’s glass custom-made charts, stand- 
charts, scales and rules, staging fixtures, 
accessories for use on all makes of 
al comparators, measuring, and micro 
sctors. Offered only to executives fur- 
ng their official title, together with the 
e of the government agency or firm 
h they represent. Forty-eight pages. 
log No. 9—Engineers’ Specialties Div., 
ersal Engraving & Colorplate Co., Inc., 
Ellicott St., Buffalo 9, New York. 


OME PLATING—A simplified method of 
strial chrome plating is explained. De- 
es the Chromaster plating unit together 
Chromasol plate. Four pages.— Ward 
ard Electric Co., Mt. Vernon, New York. 


L CHucK—A neatly designed descrip- 
folder on the keyless self-gripping drill 
k manufactured by Leo Hjort Co., 
snhagen, Denmark. Four pages.— 
ser Machine Tool Corp., 30 Park Ave., 
thasset, New York (U.S. representative 
Tjort). 


RUMENTS—A condensed catalog de- 
ing a selection of typical indicators, 
rollers, and combustion safeguards. An 
mpanying four-page price list contains 
listing, description, and current price 
ying to most of the standard instru- 
ts. Four pages. Bulletin Z-6600.— 
elco Instruments Co., Chicago 7, Illinois. 


RUMENT TRANSFORMERS—A manual 
ring the theory of operation and the 
ication of instrument transformers. It 
written for practicing engineers and 
ents engaged in the fields of power 
ration, transmission, and application 
-e metering and relaying problems can 
solved by the correct application of 
ment transformers. It covers basic 
amentals such as accuracy standards, 
lation, and polarity, as well as informa- 
on potential and current transformers. 
> $1.00. Seventy-six pages. GET-97A.— 
aratus Department, General Electric 
pany, Schenectady 5, New York. 


INATED PLastics—An attractive pre- 
ation of a wide line of laminated and 
led plastics products outlining also 
company’s production facilities and 
ics engineering services. Four pages. 
d ‘‘Insurok Laminated and Molded 
tics.”’—Richardson Co., 2762 Lake St., 
‘ose Park, Illinots. 


<NuTS—‘Types of Locknuts and Their 
ciples of Operation”’ titles a graphically 
rated booklet covering the develop- 
al phases of locknuts with emphasis on 
nodern fasteners and locking methods 
ired by today’s products. Twenty pages. 
cknut Section, Industrial Fasteners 
tute, 83648 Euclid Ave., Cleveland, Ohio. 
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LUMINAIRES—Two bulletins on Magna-Lite. 


luminaires covering data on average re- 
flectance; average efficiency; sizes, type, 
and number of lamps; and general informa- 
tion. The Dreadnaught Series of 2-lamp 
semidirect slimline luminaires, four pages, 
Bulletin DR-2; the general diffuse fluores- 
cent luminaires, six pages, Bulletin AL-A- 
2—4.— Metalcraft Products Co., Inc., 306— 
308 Cherry St., Philadelphia 6, Pa. 


MetaL INspectIoN—Dy-Chek, a dye- 
penetrant method of metal inspection, is 
described showing how this chemical process 
simplifies nondestructive testing. Dip, 
brush, and spray methods are explained 
and varied applications given. Four pages. 
Bulletin 500.—Dy-Chek Co., Div. Northrop 
Awrcraft, Inc., 1515 E. Broadway, Hawthorne, 
California. 


PorTABLE Toots—A detailed catalog de- 
scribing and illustrating Skil portable tools 
for the manufacturing, construction, and 
automotive service industries. Two pages 
are devoted to the four new electric drills 
recently introduced. Seventy-six pages— 
Skilsaw, Inc., 5033 Elston Ave., Chicago 30, 
Tilinots. 


Rapio COMMUNICATION EQuipmMENT—The 
use of two-way radio in the petroleum in- 
dustry is broadly covered. Based on present 
radio operations in the industry, it describes 
the general uses being made of two-way 
equipment, types of systems, licensing 
regulations, costs, etc. Eight pages. X55- 
037.—Electronics Department, General Elec- 
tric Company, Electronics Park, Syracuse 1, 
New Vork. 


Rotary SwitcHEs—Rotary multipole tap 
and transfer switches that conform to Navy 
and UL requirements are described. Sec- 
tional, cutaway, and exploded views of 


typical Type JR switches show details of 


the switch design. Eight pages. Catalog 
1950-JR.—Electro Switch Corp., Weymouth 
88, Mass. 


ReLtays—Lists and illustrates a line of 
heavy-duty 1-, 2-, and 3-pole mercury 
plunger relays and sensitive relays. Prices 
are given, and relay hook-ups and dimen- 
sional diagrams are shown. Four pages— 
Ebert Electronics Corp., 185-09 Jamaica 
Ave., Hollis 7, N. Y. 


Stor INsuLATION—Varslot, a combination 
slot insulation for armatures and stators, is 
the subject of a folder giving over-all char- 
acteristics and describing and illustrating 
the several styles. Four pages—Insulation 
Manufacturers Corp., 565 W. Washington 
Bluvd., Chicago 6, Illinois. 


Sprincs—A guide to aid economical pur- 
chasing by reducing to understandable 
terms the various factors affecting the cost 
of coil springs. Two pages each are devoted 
to engineering, manufacturing, and ma- 
terials, plus a glossary of 38 terms. Eight 
pages. Titled ‘Spring Buyer's Guide.”— 
Spring. Div., Hunter Spring Co., Lansdale, 
Po 


UNIVERSAL JOINTS—A catalog of interest 
to designer, engineer, purchasing agent, or 
maintenance man who has need for informa- 
tion concerning universal joints. Several 
types and sizes are illustrated; specifications 
and prices are given. Six pages. Form C1— 
Curtis Universal Joint Co., Inc., Spring- 
field, Mass. 
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BY O.SOGLOW 


FEEL A DRAFT? In 
order for air in 
motion to be called 
a draft it has to be 
moving at a_speed 
of at least 3.5 feet 
per second. Author- 
ities say that the 
average person can’t 
detect air in motion 
unless it’s moving 
that fast. 


GIVE FLAMES COLD FEET! Air-Maze approved 
flame arresters keep sparks, flame and dirt 
out of tanks used for storing inflammable 
liquids. Another of the many filter types 
designed by Air-Maze, the filter engineers. 


DIRT’S ITS DISH! Airborne dust and dirt don’t 
get very far with Air-Maze filters on the job. 
Air-Maze filters provide clean air for venti- 
lation systems, keep damaging dust out of 
engines, compressors, blowers, electronic 
equipment, motor generator rooms, etc. All- 
metal, cleanable, high dirt-holding capacity. 


WHETHER YOU BUILD OR USE engines, com- 
pressors, air-conditioning and ventilating 
equipment, or any device using air or liquids 
—the chances are there is an Air-Maze 
enginecred filter to serve you better. Repre- 
sentatives in all principal cities, or write 


Air- Maze Corporation, Cleveland 5, Ohio. 


AVR 


The Filter Engineers 


LIQUID FILTERS 
OIL SEPARATORS 
GREASE FILTERS 


AIR FILTERS 
SILENCERS 
SPARK ARRESTERS 
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Ampex Magnetic Tape Recorders 
offer the only proved means of 
making electrically reproducible 
recordings up to 40,000 cps! Such 
critical recording permits detailed 
study of particular phenomena 
from tape loops, or other automatic 
data reducing systems. Up to 14 
channels of data recorded simul- 
taneously on separate tracks where 
required. Special systems record 
down to 0 cycles with no phase shift 
or wave form distortion. Write for 
analysis of your specific problem. 


UNLIMITED USES INCLUDE: 
@ Aerophysical Research 
@ Multi-Channel Recording 
@ Portable Half-Track 
Recording 


GREAT RADIO SHows 


Ampex Magnetic Tape 
Recorders are availa- 
ble in console, rack or 
portable types. 


@ Recording-Broadcasting 
@ Industrial Recording 
@ Laboratory Research 
@ Telemetering 


A STANDARD OF THE 


N MIPIEX 


RECORDERS 


AMPEX ELECTRIC CORP. 
AX25 San Carlos, Calif. 


MAGNETIC TAPE 


beyond the BLACKOUT 
@ Giannini precision Accelerometers 
give faithful indication of the values 
of gravity beyond the range of human 
endurance. Giannini Accelerometers 
are precision-built for a variety of 
exacting applications in all fields of 
aircraft and industry. Write for eatalog 
and engineering data. 


G. M. Giannini & Co., Inc. ee f a 
Pasadena 1, California ae apignninise 


Springfield, New Jersey fp 
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(Available books may be purchased through the GENERAL ELECTRIC REVIEW for domestic delive: yi 
none sent on approval.) 


METHUEN’s MONOGRAPHS ON PHYSICAL 
SUBJECTS 


John Wiley & Sons, New York. 1950. $1.25. 


ATOMIC SPECTRA (2nd Ed.) 
R. C. Johnson—120 pp. 

This small volume treats briefly atomic 
spectra from the point of view of the ap- 
plication of the classical Bohr-Sommerfeld 
theory. The Schroedinger (or wave-me- 
chanics) theory is referred to only inciden- 
tally. A discussion of spectra of the hydrogen 
atom and those of atoms with two or more 
electrons is followed by a summary of the 
structure of atoms, including quantum 
numbers, vector couplings, multiplet inter- 
vals, and intensity relations within mul- 
tiplets. Two chapters deal with the fine 
structure of spectral lines and the effect of 
applied magnetic and electric fields. There 
is also a tabulation of the electron con- 
figurations of the elements of atomic 
numbers 1 to 36 inclusive, based on the 
Pauli exclusion principle, and a summary of 
spectroscopic methods. In view of the 
limitations of space, the booklet presents a 
good summary of the subject. 

SAUL DUSHMAN 


COLLISION PROCESSES IN GASES (4th Ed.) 
F, L. Arnot—104 pp. 


Part I of this volume deals with collisions 
between electrons and atoms. Therefore, the 
topics covered include critical potentials, 
the experiments of Franck and Hertz and of 
others on the determination of critical 
potentials, probability of excitation, prob- 
ability of ionization, the effective cross- 
section of an atom, and the angular distri- 
bution of scattered electrons. The quantum 
theory of these last topics is mentioned 
briefly. Part II deals with other collision 
processes, such as those between photons 
and atoms and between normal, excited, 
and ionized atoms. The Tyndal, Raman, 
and Compton effects are mentioned as well 
as collisions of the second kind, sensitized 
fluorescence, and quenching of resonance 
radiation. This volume contains a very good 
review of a considerable number of topics 
within a limited space. 

SAUL DUSHMAN 


WAVE FILTERS (8rd Ed.) 
L. C. Jackson—107 pp. 


This pocket-size book is aimed at pro- 
viding an account, adequate for the needs 
of the student of physics or radio, of the 
properties of electrical wave filters. It is 
intended to be neither an exhaustive treatise 
on the subject nor a list of design formulas 
and diagrams without explanations of 
underlying fundamentals. The author has 
succeeded in striking an excellent com- 
promise between these limits. For those 
who wish to obtain a concise picture of 
wave-filter fundamentals, this book is highly 
recommended. 

CrGe hick 


X-RAY CRYSTALLOGRAPHY (4th Ed.) 
R. W. James—88 pp. 


In this brief book is given a cogent out- 
line of the main principles underlying the 
methods of analyzing crystals by means of 
x-rays. The topics covered include crystal 
form and space lattices, diffraction, crystal 
symmetry, intensities of x-ray spectra, and 
some types of crystal structure. 

The book succeeds in its intent to supply 
readers of average scientific attainment with 
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a compact statement of the modern p 
in the field. It perhaps is to be re 
that the small size of the volume did 
the subject. 


be 


W. L. Ra 


x-RAYsS (8rd Ed.) _ 
B. L. Worsnop and F, C. Chalklin—1 i 
This small book gives in a simple: 


coincise way many of the current i 
regarding x-rays. It is limited, howe 
to a discussion of effects observed prima 
at the lower energies (below a million vob 
The more recent experimental and th 
retical advances in high-energy x-rays 
gamma rays are omitted. Even though ] 
diagrams are generally poor (but perhij 
adequate) and the discussion sometiti 
hard to understand, the book does ap 
to give some useful information to 
student of average scientific ability. 

Jol Lae 


KINETIC THEORY OF GASES (8rd Edition 
Martin Knudsen—64 pp. }. 

This 64-page booklet, written by onai 
the foremost investigators in the fieldg 
low gas pressures is not actually a b 
review of the different topics ordinan 
dealt with under the heading of kine 
theory of gases. In the first part, the autit 


is large compared with the dimensions 
the apparatus.’’ Incidentally, the formi 
giving the relation between viscosity 4 
mean free path is the one used many ye 
ago, not that generally accepted by phy 
cists at present. 1 


treated: rates of evaporation and conde 
tion, molecular flow of gases through t 
the absolute monometer, the coefficients: 
accommodation for condensation and h 
conduction and radiometer forces. As; 
text-book on the subject of the kina 
theory of gases this discussion must ¢ 
tainly be regarded as one-sided and 7 
limited. 
SauL Dus 


INDUSTRIAL ELECTRONIC CONTROL (Se > 
Edition) +f 
W. D. Cockrell—McGraw-Hill Book 

New York. 1950. xv +385 pp. $4.00. 


A guide to the clearer understandir 
electronic control circuits for indus 
uses, this book comes as a welcome t 
to the service and maintenance engineer, 
the field, to whom it is dedicated b 
author whose broad and varied experier 
in industry make him particularly qualifie 

This practical, nonmathematical mam 
describes simply and clearly the content a: 
operation of modern industrial electror 
circuits and is beautifully illustrated ‘ 
numerous pictures, graphs, sketches, a 
circuit diagrams, all drawn in the lat 
ASA industrial electronic code. = 

Two of the five sections are entire 
devoted to the description of the nature a 
operation of the prime circuit elements a 
the various types of electron tubes. T 
third combines these components into t 
basic electronic networks which compr 
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empilstik 


simple 
ethod of 
etermining 
afe operating * 
smperatures 
r 
BUS BARS 
- POWER TUBES 
- TRANSFORMERS 
and other electrical 
equipment. 
Iso in: 
| MOLDING 
- CASTING 
/ FORGING 
. DRAWING 
| HEAT TREATING 
. WELDING 
) FLAME-CUTTING, etc. 
3 this simple. Select the 
mpilstik® for the working 
nperature you want Mark 
ur workpiece with it. When 
» Tempilstik® mark melts, 
» specified temperature has 
en reached. 


gives up 
to 2000 
readings 


nilable in these temperatures (°F) 


Also available in pellet or liquid form . 
; 

—While we cannot supply 
REE free Tempilstiks®, we will 


‘glad to send you sample Pellets or 
nple Tempilaq® (liquid form) for trial 
der your actual working conditions. 
sure to state the temperature of 
erest to you. 


ByO 
Tempil° corp. 
132 WEST 22nd STREET 

New York 11, N. Y. 
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the complicated circuits typical of modern 
industrial practice. The fourth section, 
newly included in this edition, presents the 
closed-cycle control system with clarity and 
simplicity, and presents the Nyquist and 
Bode methods of approach to the study of 


system response and stability. The fifth, 


section spans the control field, choosing for 
illustration many interesting and practical 
circuits. 

There is an excellent reference list at the 
end of every section, and an appendix on 
the ASA code, ohmic values of circuit 
combinations, wave shapes, photoelectric 
phenomena, and closed-cycle regulating 
systems. 

ARNOLD H. HOFFER 


FOUNDATIONS OF ARITHMETIC 


Gottlob Frege (Transl. by J. L. Austin)— 
Philosophical Library, New York, 1950. 
xi+119 pp. $4.75. 

What is the number one—or, what is 
meant by the symbol 1? Frege poses this 
challenging question in his first sentence, 
and devotes the rest of his book to answer- 
ing it and others equally funadmental to 
arithmetic. 

Before presenting his own ideas, Frege 
disposes of the intuitive, physical, or 
psychological arguments of his predecessors. 
It is amazing to read the naive flounderings 
of the world’s mathematical giants in their 
attempts to adequately treat the concept 
of number (e.g., Leibnitz’s definition of one 
as “‘that which can be grasped in one act 
of understanding”’). 

Frege’s purely logical arguments propose 
to define 0, 1, and infinite numbers, and 
to prove that after every finite num- 
ber in the series of natural numbers a 
number directly follows. Complete com- 
prehension of his definitions will be a tre- 
mendous challenge to most engineers, un- 
trained in the processes of philosophical 
logic. 

The book is an interpaged combination 
of the original German and its English 
translation. Thus the closely argued original 
text is made available to the conscientious 
student. 

JOHN E. Corr 


ELEMENTS OF HEAT TRANSFER AND IN- 
SULATION (2nd Edition) 


Max Jakob and George A. Hawkins—John 
Wiley & Sons, New York. 1950 xu + 230 
pp. $4.00. 

This represents a considerable expansion 
of the first edition (1942) and is an excellent 
text for the purpose for which it was written, 
as an undergraduate text in heat transfer. 

The authors bend over backward, par- 
ticularly in the section on conduction, to 
avoid mathematics. Except for the sim- 
plest cases, only results are presented, with 
no indication of the mathematical steps 
required to reach them. This is all right 
for an introductory course in heat transfer, 
but it does not build a good foundation for 
further extension of the basic principles 
presented. Flux plotting is presented as a 
method only, with no attempt at justifica- 
tion. There is an excellent section on the 
relaxation method of solution of both 
steady-state and transient conduction prob- 
lems. 

Convection and radiation are treated in 
the conventional manner. There is an ex- 
cellent section relating convection and 
fluid friction. 

Though the text does not pretend to bea 
complete reference on heat transfer, there 
are some fairly extensive tables of proper- 
ties of materials. 

J. C. WHITE 
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WAYS TO 
PROTECT YOUR LINES AND 
EQUIPMENT 


TRAVELING WAVES ON 
TRANSMISSION 


SYSTEMS 


SECOND EDITION 
By L. V. BEWLEY, Lehigh University 


Reduces Complex Theory to 
Practical Engineering Basis 


IN compact and usable form—the 
modern theories of transient surge 
phenomena, including changes in 
theory since 1930. These theories 
reduce the design of lightning-proof 
transmission lines to a routine pro- 
cedure. They provide a basis for the 
most economical choice of protec- 
tive features required for any de- 
ae degree of operating reliability. 


ew 


——— 


IN THE SECOND 
EDITION: 


A chapter on the prac- 
tical design of protec- 
tive systems 


Data on attenuation 
and distortion of waves 


Information on _ light- 


Theory of the counter- 
poise 


A revised approach to 
switching surges and 
recovery voltages of 
circuit breakers 


Multivelocity wave theory treated in detail 


Enlarged by over half to include other signifi- 
cant developments in the field 


270 illustrations designed to simplify methods 
of attack. 


1951 $12.00 


Send coupon now for 10-day free examination. 


543 pages 270 illus. 


APPROVAL COUPON i 
| JOHN WILEY & SONS, INC., Dept. GE-251 | 
| 440 Fourth Ave., New York 16, N. Y. | 


On 10 days’ approval, send Bewley’s Traveling Waves on 
Transmission Systems. I will remit price plus postage ee 
return book postpaid. (Offer not valid outside U. S.) 


| Na M6 esc sen ente ante cennnnsnnensenec ened onnsmatncdesecasanasnsnecnannsananss | 
PRO GSS eee cetnss tortrgantpucscccanersncaeuncar tester -nsusnnsasusesnnenbnotsns 
City, Zone, State 
Employed by ...-.------------------+------0--s-ssneeseeecesecsenneensnserees 
SAVE POSTAGE We pay postage if you enclose price. 
Moncey back on same return privilege | 
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THis INGERSOLL-RAND Class HT 
pump No. 7C was installed in 1938 in the Windsor 
Station. Windsor Station is owned jointly by 
The Ohio Power Company (American Gas and 
Electric System) and the West Penn Power 
Company. Since that time the pump has chalked 
up a service record of 82,659* hours of opera- 
tion — pumping rated capacity of 1025 gpm to 
approximately 1900 psi discharge pressure from 
suction conditions of 415 psi and 380° F. 

It has never been opened for inspection. 

This is one of six I-R high-pressure boiler- 
feed pumps at the Windsor Station. The others 
are giving fine performance also. Four of these 
were installed in 1941. Here are their records*: 


Pump No. 7D 60,277 Hours 
Pump No. 8A 53,880 Hours 
Pump No. 8B 56,357 Hours 
Pump No. 8C 65,063 Hours 
Pump No. 8D 37,049 Hours 


Hours of operation up to October 1, 1950 


COMPRESSORS « AIR AND ELECTRIC TOOLS * ROCK DRILLS * TURBO BLOWERS 
CONDENSERS «+ CENTRIFUGAL PUMPS + DIESEL AND GAS ENGINES 
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Here’s why performance records - 
like this are routine for 
I-R boiler-feed pumps 


This kind of dependability doesn’t “just happen”! | 


It’s the end result of the extra care and preci- : 
sion, and the many years of experience that go 
into every step of Ingersoll-Rand pump manufac- : 
ture —from selection of raw materials to final | 
acceptance tests. 


And it’s here—on the job in leading power ' 
plants throughout the Nation — that I-R boiler- 
feed pumps have repeatedly proved their superi- 
ority for continuous, trouble-free, high-pressure 
service. 


Whatever your boiler-feed application, there’s 
an Ingersoll-Rand pump that’s right for the job — 
a pump you can install with complete confidence 
in its sustained, high-efficiency performance. Your 
nearest I-R representative will be glad to give you 
complete information. 


Ingersoll-Rand 


CAMERON PUMP DIVISION 569-10 
11 BROADWAY, NEW YORK 4, N. Y, 
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measure true rms values 


of non-sinusoidal 
wave forms 


A new aid to true RMS instrumentation is 
the Reed DIOTRON, developed and 
manufactured by Reed Research, Inc., of 
Washington, D. C. This amazing instru- 
ment measures true rms values of non-sinusoidal 
or otherwise erratic wave forms. It is a vacuum 
tube voltmeter whose indication depends en- 
tirely on true rms values. It is a small, compact, 
portable instrument used by engineers, techni- 
cians and scientists interested in the measurement 
and evaluation of power regardless of wave form. 


Marion makes the meter upon which the Reed DIOTRON 
depends for much of its accuracy of indication. It 
provides a linear power scale and allows full scale 
measurements of 1 mw, 10 mw, 100 mw, 1 watt and 
10 watts into 600 ohms. A corresponding true root 

mean square voltage scale is also included. 


When you want special or standard instruments 
for any application that requires accurate indication 
— think of Marion. Marion Ruggedized Meters are 
the most advanced electrical indicating and measur- 
ing instruments of our time. Advanced in both 
construction and application, count on them 

for prolonged peak performance under extreme 
conditions of temperature, climate and actual 
physical violence. We invite comparison. 

Marion Electrical Instrument Company, 

413 Canal Street, Manchester, New Hampshire. 


Manufacturers of Hermetically Sealed Meters since 1944 


helps Reed Research Inc. 
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LIBRARY NOTES 


ON ARTICLES IN OTHER TECHNICAL JOURNALS 


ALLOYS 
TRON-BASE HEAT-TREATABLE ALLOY Has 
' Goop HIGH-TEMPERATURE STRENGTH. E. F 
Losco. Mat. & Methods, Oct. 1950; v. 32, 
p. 65. 
Describes an alloy originally designed 
for gas-turbine disks, which has found 
use for many other high- and room- 
temperature applications. 


ORDERING REACTION IN COBALT-PLATINUM 
Atuoys. J. B. Newkirk, A. H. Geisler, D. 


L. Martin, and R. Smoluchowski. Jour. 
Metals, Oct. 1950; v. 188, p. 1249. 
(Metal Trans.) 
FLUID-FLOW 
SoME RECENT INVESTIGATIONS IN THE 


THEORY OF HYDRODYNAMIC STABILITY. 
J. R. Foote and C. C. Lin. Quar. App. 
Math., Oct. 1950; v. 8, p. 265. 
Describes a study of the stability of two- 
dimensional parallel flows. 


GAS AND OIL ENGINES, AVIATION 

RECENT DEVELOPMENTS IN THE R-4360 

ENGINE. Earle A. Ryder. Soc. Auto. Engrs. 

Quar, Trans., Oct. 1950; v. 4, p. 559. 
Describes the Pratt and Whitney Wasp 
Major piston engine. 


Wuy WE Sritt NEED THE PROPELLER. 
Ivan H. Driggs. Aviation Week, Oct. 23, 
1950; v. 53, p. 28. 


Detailed analysis of turboprop and tur- 


{ Your 
New MPB 
51 Catalog 


Complete specifications on 
more than 70 different types 
and sizes of miniature ball 


bearings — for precision 


mechanisms presenting anti-friction, light weight, high load capa- 


city, and other unusual conditions. 


This new and expanded catalog contains complete and valuable 
information, including most recent developments on weights, loads, 


design data, applications and special bearings. 


copy today — ask for Catalog GR 51. 


bojet propulsion factors explains why the 
prop should not be discarded. 


GENERATORS 
DisconNEcTt MakEs FLIGHTS SAFER. Scott 
Reiniger. Aviation Week, Oct. 23, 1950; v. 
53, p. 40. . 
Describes installation of Stratos units 
to permit safe operation of engine despite 
generator failure. 


LIGHTWEIGHT TURBINE-GENERATOR RoO- 
TORS. Theodore de Koning. Power Engng., 
Oct. 1950; v. 54, p. 92. 
A new type of rotor construction, with 
specially shaped conductors made of 
aluminum or magnesium alloy. 


MATERIALS OF ENGINEERING 


CHEMICAL ENGINEERING MATERIALS OF 

Construction. Ind. & Engng. Chem., Oct. 

1950; v. 42, p. 1951. 
Thirteen articles on metallic and non- 
metallic materials used in the chemical 
manufacturing industry. Each has an 
extensive bibliography. Includes tables 
of chemical and physical properties of 
these materials. 


CONDENSED REVIEW OF SOME RECENTLY 
DEVELOPED MaTERIALs. Mach., Oct. 1950; 
v. 57, p. 164. 


An extensive list of materials, with their 
properties and applications, arranged 
alphabetically by trade names. 


BELONGS IN 


quirements 


sheets or coils 


_ Write 


Send for your 


INCORPORATED 


mintarune /PecisionBEARINGS 


KSEE EIN @Bs, 


56 


NEW HAMPSHIRE 
“Suppliers to the World’s Foremost Instrument Manufacturers” 


FALL 
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by | 

ONE OF THE THREE 
* Designed for your electrical re- 
* Fine 100% Rag Stock 

* Maximum strength 

* Maximum chemical purity 


* Available in continuous rolls, 


* Thicknesses .004” to .030”. 


Data Sheet & samples 


— Cortrett PAPER COMPANY 


MEASURING INSTRUMENTS i 


ELECTRICAL DISPLACEMENT METER. + 
Douglas. Electronic Engng., June 1950 
22, p. 215. 


Electromagnetic type of displacen 
meter. 


FIELD MEASUREMENTS ON MODEL 

TRON AND SYNCHROTRON MAGNETS. 

Finlay and others. Jour. Sct. Instr., 

1950; v. 27, p. 264. a 
Measurements have been made off 
magnetic field distribution in thes 
gap and of flux leakage for a “groo 
coil” betatron magnet and for a s 
chrotron magnet. 


SMOKE-DENSITY MEASUREMENT. 
F. Stoecker. Mech. Engng., Oct. 195( 
Tai ps 793. 


ULtRrAsonics Brincs 100 PERCENT | 
SPECTION TO POWER Prpinc. W. B. BB 
and W. J. Mitchell. Power, Oct. 195 504 
94, p. 102. 


Describes flaw detection in high : 
perature high-pressure alloy piping. 


WIRE STRAIN GAGES ao RY 

PERATURE SERVICE. a Ae | 

Prod. Engng., Oct. asa v. 21, p. 115, 
Describes some high-temperature 


resistance strain gages for use 
1500 F. 
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YOUR JOB! 


slit to your order 


for this Cottrell 


INCORPORATED 
RIVER, MASSACHUSETTS 


FACTORY AT ROCK CITY FALLS, NEW YORK d 
REPRESENTATIVES IN PRINCIPAL NORTH AMERICAN CITIES 
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